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Sending off 
the supplies 


‘Another day, another 
successful resupply mission 
to the International Space 
Station ($5), courtesy of 
‘SpaceX and its Falcon 9 
rocket. This image isa 
time-lapse taken from 

the CRS-17 (Commercial 
Resupply Services) mission 
(on 4 May 2019. 

In this image you can 
distinguish between the 
initial launch ofthe Falcon 
9 rocket with its central arc 
and the point where the 
payload and rocket detach 
at the tip. Afterwards the 
Falcon 9 began its descent 
tothe right-hand side and 
started the re-entry burn 
before safely touching 
‘down on the OF Course | 
Still Love You autonomous 
‘paceport drone ship in the 
Atlantic Ocean, 
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Great 
galactic 
crash sparks 
fresh star 
formation 
NASA/ESAS Hubble 
Space Telescope spoted 
a alacichitand-un, and 
ireguar galaxy NOC 4485, 
has had an influx of star 
formation asa result. The 
sea of be that les on 
the right-hand side of the 
galery sal young blue 
Stars that have been bom 
relatively recently 

When NGC-4485 
collided withits 
neighbouring galaxy 
NGC 4490, thelr 
sravtational influence on 
tne anther stined up 
a frenzy of tar formation 
and as dsupted ther 
shape colour and 
whole dynamic, 
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InSight's 
second selfie 


NASA’ Insight lander has 
snapped another full self-portrait 
hile sitting stationary in the 
Elysium Planitia region. These 
‘selfies' are not just for flaunting, 
its good looks; they also provide 
the engineers back on Earth the 
chance to check up on the status 
of the instruments on deck. 

Between the first and second 
selfies the InSight lander has 
deployed both the heat probe 
and seismometer, which has also 
found the first piece of evidence 
for seismic activity on Mars. 


Blue Origins New Shepard 
spacecraft will last 
customers into space in 
order to experience the 
World of weightlessness, 
2May 2019 saw a major 
step forward for the 

Blue Origin team as they 
conducted the Tith test of, 
the impressive reusable 
rocket-capsule duo and 
fired it to a personal-record 
‘maximum altitude of 106 
llometres (65.8 miles) 


Day turns 
into night 
snot every day you can 
took down and see the 
‘shadow of night creep 
across the Earth but thats 
hat NASA astronaut 
Christina Hammack Koch 
was treated to whe on 
board thes, 

“This event only happens 
a couple of tesa year 
due tothe Space Station’ 
orbit rarely ing up with 
the shadow ine. While 
the SS continuously stays 
insunightin order to 
fin power from ts solar 
panels the astronauts can 
Took ona the Earth below 
isinboth dusk and dawn 


¢ Picking a 
landing site 


With the help of NASA's 
Mars Reconnaissance 
Orbiter (MRO), sights 
have been set on the 
landing spot for the Mars 
2020 rover. The Jezero 
~ —Crateris believed to have 
been sculpted by ancient 

water streams, carved 

by its channels moving 
‘young Martian sediment 

‘Analysis ofthis region 
@4.3 ‘ould uncover important 
discoveries about the 
evolution of Mars and how 

it went from a world of 
running water to the dusty, 

barren wasteland seen 
5 today, hopefully with some 
signs of microbial fe. 


A galaxy of ice and fire 


Spiral galaxy Messier 100 was recently imaged by the Atacama Milimeter/submnlimeter Array (ALMA) in Chile, 
revealing a host of blue and red spots - young and old stars. As some stars burn bright in thelr early age, the 
‘others tend to be a bit more frozen in their evolution. 

“The diversity between the young stars bursting with brightness and the older stars gradually fading with 
age can tell alot about the galaxy they vein. For instance, it can explain alot about its size, age and internal 
dynamics, Unfortunately the data just isnt high-resolution enough to delve any deeper into the mechanics of it. 
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Astronauts 
are buzzing 
about a fleet of 
space bees 
‘The ISS has been joined by a 
new host of robotic companions, 
with Bumble being shown in the x 
image. NASAS new breed of ree- 
fying robotic systems, known as 
Astrobee,cantelp astronauts 
with caretaking responses, 
therefore improving astronaut pa 
productivity The longterm goal 
IS tohelp wth NASAS eventual 
retumto the Moon. 
NASA astronaut Anne McClain | 
is ictred here performing 
hardware checks on Bumble 


the Kibo module, Bumble was 
delivered with its fellow robotic 
‘companion, Honey. as part 

‘of Northrop Grumman's ith 
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SpaceX’s 60-satellite 
launch marks | 
beginning for Starlink 
‘internet’ project ......... 


‘own Falcon 9 
rocket to launch, 


| ‘SpaceX used its 
the satellites 


1123 May, SpaceX lofted the fist five 
ddazen members ofits Stalink broadband 
constellation to low-Earth orbit (LEO) 
using one of the company’s Falcon 9 

‘ockets. Stalink is designed to provide intemet. 
connectivity to people around the worl, and it will 
do so using a truly enormous number of satelites, 

Stalin won't be able to provide ‘minor’ coverage 
until about 400 spacecraft are up and running, and 
madera’ coverage requis about 800 operational 
satelltes, SpaceX founder and CEO Elon Musk has 
said. But it doesn't plan to stop at ‘moderate! 

"ina year and a haf, maybe two years f things 
‘30 well, SpaceX will probably have more satellites in 
‘orbit than all ther satlites combined ~a majority 
of the sataltes in orbit will be SpaceX.” Musk said 
last week during a pretaunch teleconference with 
reporters. That milestone will come around Starlink 
launch number 30, with 1,800 satelites delivered to 
orbit, he sad, 

But the number could rse higher stil much 
higher, in fac. The Federal Communications 
‘Commission has granted SpaceX permission to 
launch a total of nearly 12,000 Starlink satelites 

‘Musk said SpaceX has taken great pains to ensure 
the constellation doesn't pose a colsion isk tothe: 
‘other denizens of LEO, For example, he claimed the 
‘Staiink satelites can automaticaly navigate around 
‘other spacecraft and larger pieces of orbital debris 
sing tracking data provided by the North American 
‘Aerospace Defense Command (NORAD) 


‘And this first batch is headed for an operational 
altitude of 580 kilometres (240 miles) low enough 
that they'l get pulled down to Earth by atmospheric 
drag in a few years even if SpaceX doesn't manage 
to deotbt them intentionally "| think weive got a real 
solution for making sue that we do not create orbital 
debris” he said. “And, worst-case scenario - the good 
ews there is, the aurcsphere cleans it up" 

‘SpaceX isnt the only company with eyes an & 

LEO broadband constelation, OneWeb, Telesat and 
‘Amazon have similar goals, though their networks 
may not be as big as Starink 

Stalin is 2 key part of Musk’ lng term plan 
te help humanity colonise Mars, SpaceX hopes to 
use Staink revenue to fund the development of 
Starship and Super Heavy, the spaceship and rocket 
the compary is building to carry people tothe Red 
Planet and beyond. 

Last rights launeh featured a Falcon 9 whose first 
‘stage had already flown twice. I launched from Cape 
‘Canaveral Air Force Base in Florida, wit the booster 
‘acing its thirc-ever landing and touching down on 
‘SpaceX’s drone ship ‘Of Course | Stil Love You off 
the Florida coast. 
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Jupiter's southern 
hhemisphere.as 
photographed 
by NASA’ Juno 
spacecraft 


Hidden winds on Jupiter may be 
messing with its magnetic field 


Words by Rafi Letzter 


Uupiter's magnetic field has changed 
since the 1970s, and physicists have proved 
It Ina paper published 20 May in the 
ature Astronomy, a team of researchers 


journal 
looked at magnetic field data from four past missions 


to Jupiter Pioneer 10, which reached lupiter in 1973; 
Pioneer IL, which reached Jupiter in 1974; Voyager 

Which reached Jupiter in 1979 and Ulysses, which 

reached Iupiter in 1992 

They compared that data toa map of the planet's 
magnetic field produced by the spacecraft Juno, which 
conducted the most recent and mast thorough probe of 
‘the giant planet. In 2016 Juno oibited very close to Jupiter, 
passing from pole to pole, gathering detailed gravitational 
and magnetic field data. That allowed researchers to 
develop a thorough model ofthe planet's magnetic field 
and some detailed thearies as to how it's produced. 

The researchers behind this paper showed that data 
from those four older probes, though more limited as each 
of them just swung by the planet once, didn’t quite fit 
with the 2016 model of Juplters magnetic field 

‘Finding something as minute as these changes in 
something so immense as Jupiter's magnetic field was a 
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challenge Kimee Moore, a Juno scientist at Harvard and 
lead author on the paper, said in a statement, “Having a 
baseline of close-up observations over four-decades long 
provided us with just enough data to confirm that Jupiter's 
‘magnetic field does indeed change over time: 

The question raised was what caused the changes to 
happen? What's going on in Jupiter's dynamo? 

“The researchers looked at several different causes of 
‘magnetic field changes. Their data most closely matched 
the predictions of a model in which winds in the planet's 
Interior change the magnetic field, 

“These windls extend from the planets surface to over 
3.000 kilometres (1,860 miles) deep, where the planet's 
Interior begins changing from gas to highly conductive 
Figuie metal” the statement sad 

In truth, researchers can't see that deep into Jupiter, so 
the depth measurements are really best estimates with 
several uncertainties, the researchers wrote in the paper 
Sul scientists have robust theories to explain how the 
winds behave. 

"They are believed to shear the magnetic fields, 
stretching them and carrying them around the planet, the 
statement said 
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Astar in the Big Dipper is an alien invader Haynes 


Words by Mindy Weisberger 


AND ALL GOOD 
BOOKSHOP 


star in the Big Dipper i an intergalactic alien, according 
to clues in its chemical fingerprints. The star's chemistry 
is unlike that of all known stars in the Milky Way, and 
Instead has mare in common with stars in nearby dwarf galaxies. 
Researchers suspected thatthe stellar oddball, named 
‘1244535, originated in a dwarf galaxy that collided with the 
‘Milky Way long ago. According to that theory, when the dwarf 
galaxy fell apart it stranded ths star in our cosmic neighbourhood, 
‘The star was frst discovered in the constellation Ursa Major 
{In 2015 by the Large Sky Area Multi-Object Fibre Spectroscopic 
Telescope (LAMOST) in China, Highertesolution images were 
captured in 2017 by the Subaru Telescope in Japan. Spectrum 
readings from the star revealed that it was low in metals 
such as magnesium but had unexpectedly high levels ofthe 
heavy element europium, an element ratio that was unique in 
‘comparison to other Milky Way stars. Analysis of 112444535 
provides “the clearest chemical signature” of the ancient galaxy 
‘mergers that shaped the Milky Way long ago. 
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‘Thestarhas 
adifferent 
composition tits 
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Haumeais 
ofasimilar 

size todwart 
planet Phito 


New details of dwarf planet 
Haumea’s elusive ring revealed 


Words by Manneke Weitering, 


he oval-shaped dwarf plane 

Haumes, whichis surrounded 

perfectly circular “Our study isn't 
stant did not di 


by an ai: 


as ring is too faint to 
from planet Earth, 
tured 
mare ghout these partic 
Ina new study, 1 
Research Foundation 


venoms hi 


chers with 


§ simulating the Haumea system on a 
ynputer, By simulating the ring’s 
5 particles in different configuration 
: rf planet and calculating 
cenatio would re 


no one has actually observed the ring 
directly. Everything we k t 


the ring. No 


pro 
hape and de 

researchers surprise, they dis 

fing system, t 


“Although astronomers have 
pretty solid evidence, no one 
has observed the ring directly” 


In 2020, NASA will send living things to deep 
space for the first time since Apollo sic:t,niewan 
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The H4-kllogram satelite will carry two 
different varieties of the yeast Saccharomyces 
‘cerevisiae: the normal ‘wild type, which is quite 
radiation resistant, and a mutant type which is 
‘much more sensitive because it cant repair its 
DNA nearly as well 
BioSentinel team members will 
‘monitor the growth and activity of both 
varieties during the cubesa's time in 
deep space, They'll do the same with 
‘identical yeast payloads transported 
to the International Space Station, 
a microgravity environment with 
‘much lower radiation levels. 
Scientists will also 
track Saccharomyces cerevisiae growth 
{nt two places here on Earth, Bnnico Smith 
said: Ames and Brookhaven National Laboratory 
{in New York. At Brookhaven scientists will expose the 
‘yeast toa high-radiation environment, Taken together, 
the data haul should help the team tease out wihich 
effects are due to radiation and wich result from 
microgravity or other factors, 
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they formed, Their compositions 
remain unknown, and 

understanding them could help 
shed light on exoplanets origins. 

Previous research suggested 
that sub-Neptunes were either 
sas dwarf planets with rocky 
cores surrounded by envelopes 
rich in hydrogen and helium, 
lor water worlds with liquid 
and frozen water in addition 
to rock and gas, To investigate 
the make-up of sub-Neptunes, 
scientists ran simulations of 
planetary growth to see what 
scenarios might best explain 
the masses and diameters seen 
among exoplanets so far 

Knowing the mass and 
diameter ofa planet can help 
astronomers estimate its average 
density, and simulations of 
planetary growth can help reveal 
Whether compositions of gas 
Tock, ice or water might best 
explain these densities, 

Researchers found that sub 
Neptunes are more likely to be 
water works than gas dwarfs 
‘They suggested that each sub- 
Neptune is atleast 25 per cent, 
and possibly more than 50 per 
‘cent liquid or frozen water by 
‘mass. In contrast, Earth is only 
(002 per cent water by mass, 

It remains a mystery why 
‘our Solar System lacks planets 
between Earth and Neptu 
size, and why systems 1 
Kepler has seen often have 
planets closer to their st 
out Solar System does, Solving 
these puzzles might help shed 
light on how systems form, 


‘Sub Neptunes are more likely to 
havea watery composition 
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‘ The theory of everythit 


ater this year physicist Michio Kaku 
‘ald he thinks we'll have a theory of 
‘evecything by 2100, But what would 
such a theory even lok tke ~ and how 
key is that to happen? 
Physicists have 2 good understanding of how the 
Universe works ata large scale. Albert Einstein's 
general theory of relativity explains the motion of 
the planets the bending of light from distant stars 
‘and galaxies and the existence of black holes. We. 
also know what's going on ata small scale. The 
‘Standard Mode! of particle physics has proved itself 
‘over the last few decades withthe discoveries ofthe 
fundamental particles it predicts. 
ut there's a catch. These two theories don't sit 
well together. And there are some places Inside a 
black hole, and right atthe beginning ofthe universe 
Where physics 25 we understand it appears to break 
sown ates Ja cig ascot aaa 


The theory of everything 


Artists 
{impression 
oftwo black 
holes merging 
and creating 
‘sravitational 
predicted by 
Einstein 


Inhis work. Isaac 
‘Newton ties together Galileo's 
work on gravity, Kepler's laws 
‘of planetary motion and the: 


“General relativity says that the cosmos is 
made up not of three-dimensional space, 
but four-dimensional space-time" 


‘James Clerk Maxwell discovers. 
that electricity, magnetism and. 
light are three diferent aspects. 
ofthe same phenomenon by 
‘showing that both electric and 
‘magnetic fields travel through 
‘space as waves, 


The theory of everything fl 


What is the theory of everything? 
The theory of everything needs to encompass all we 
already know about the universe, 


Theory of 

‘The theory will have to bring together alot of 
sifferent aspects of physics rom Einstein's 
{general theory of relativity that governs our 
understanding of the largest structures in the 
Lniverse to the Standard Model that helps us 
understand the smallest particles. 


‘Quantum gravity 

‘Theoretical physicists working on 
‘quantum gravity are trying to combine: 
{quantum mechanics and Einsteins 
‘general theory of relativity. if they're able 
to dort, willbe the fst step towards 2 
theory of everything. 


Space-time 
Einstein's general theory of relativity combines 
‘space and time into one four-dimensional 
description of the universe. referred to as space- 
‘time, The idea is that objects with a lot of mass, 
like planets, curve space-time. General relativity, 
‘Is our best theory of how gravity works. 


Electronuclear 
force 

‘A grand unified theory 
‘would combine all 
three forces in the 
‘Standard Model: 
‘electromagnetism and 
‘the strong and weak 
ineractions. There are 
‘several modes that 
suggest such a force 
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The theory of everything 


Physicists have been able to combine quantum 
‘mechanis with special elavity, but combining 
it with the general form ofthe theory just doesnt 
seem to work. That's why theoretical physicists 
around the world are trying fo come up with whats 
known as a theary of quantum gravity Depending, 
fon the specifi, solving quantum gravity by itself 
might not be a theory of everything - but it would 
certainly be a big step towards one 

The most wellknown idea to bring these two 
seemingly incompatible theories together is str 
theory. String theory s not just trying to bring 
together quantum mechanics and general relativity 
but provide an entirely new way of looking at 
things. "[String theory] tries to unify al nteractions| 
and provide a theory of quantum gravity in the 
process” says Jorge Pullin, a theoretical physicist 
at Louisiana State University. In string theory the 
"universe is not made up of particles, but instead 
‘one-dimensional vibrating strings, whete different 
vibrations correspond to different particles For this 

ing theory requites 2 universe with more 

than the four dimensions of space-time 
Jefesight,forwards-backwards and time - were used. 
to dealing with, 

Different versions of string theory have requited 
different numbers of dimensions to work: the 


to work s 


up-down, 


“My hope is that in the future the two 
theories will converge eventually, at least 
certain aspects of them” sorge puttin 


<ailest version, called bosonic string theory, needed 
limensions, Later came superstring theory, 
which would need ten dimensions. Then a third 
version, called M-theory, brought several types of 
ssuperstring theory together in Il dimensions 

‘Another option. Joop quantum gravity 1s trying to 
‘combine general relativity with quantum mechanics 
While preserving as much of Einstein's theory 
as possible, Unsurprisingly given its name loop 
‘quantum gravity uses the idea ofa gravitational 
Field made up of loops to do this, 

“Most people are faniliar with the concept 
of lines of force, like with magnetic fields they 
Jooked atin high school” says Pullin, “And so the 
equivalent of those lies for the gravitational field 
Js more or less what these loops are about” Those 
Joops can intersect and come together in what 
physicists call spin networks, and if you look at how 
those networks evolve over time you get what's 
known as spin foams, 


1967 


Loop quantum gravity on its own woulda 
unify the four fundamental forces, and soit 
woukin't bea theory of everything. ‘Our focus 

ow isc trying to understand gravity by 
itself, mostly’ says Pullin, "Were not so concerned 
about unifying all interactions 

An intriguing possibilty is that lop quantum 
gravity and string theory might be wo different 
aspects ofthe same underlying mathematic 
framework. But so far that's just a suggestion, says 
Pullin,“ personally think there are certain aspects 
of string theory that look quite obviously core, 
he says, “Similarly, there ae certain aspects of loop 
quantum gravity that look right too, So my hope 
is that in the future the two theories will converge 
eventually, atleast certain aspects of them” 

While string theory and loop quantum gravity 
are the twa main contenders fr a theary of 
‘quantum gravity based on the number of people 
working in each field, there are afew lesser- 


Electroweak interaction 
Physiclets figure out how to 


‘combine two ofthe four 


fundamental forces, electromagnetism 
‘and the weak nuclear force, into what's 


Called the electroweak interaction. 


‘Sheldon Glashow, Abdus 


Salam 


and Steven Weinberg are awarded 
the 1979 Nobel Prize for Physics 
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Can there 
really bea 
theory of 
everything? 


What exactly do 
physicists mean 
they say ‘theory of 
everything? 
‘Atheory which combines all 
‘the known fundamental forces 
That's the electromagnetic 
force the strong and weak 

| relat forces and gravity 


| think it is feasible, But the 
asterisk to that i that we 
‘would never really kat 
‘what we have is actual 


‘discover something that does 
not fit in, and we need a new 
theory again. 


describe everything? 

In principe you'd be able to 

derive al the other laws of the 

"universe from tf you could 
PSST actually dothat in practices 
STOMA completely diferent question 
thelaws Even if we have atheory of. 
CCUM everything, we may not be able 
POSER do the necessary calculations 
relativity 


1970s 1986 


‘Standard Model - Goining the term: 

of particle physics Igeastice cr auaetng 
‘The curent version ofthe theory ~ one possible route to 
Standard Model was finalised A universal theory of physics ~ 
inthe 1970s. t describes three published inthe journal Nature, 
‘ofthe four known fundamental piysicist John Els coined the 
forces: the strong and weak acronym TOE for the phrase 
‘nuclear interactions and “theory of everything: 


electromagnetism. 


BM The theory of everything 


field 

Ina series of loops, splitting 

‘space-time into indivisible 
chunks, 


problem 


Some of the theories behind 
finding the truth 


Asymptotically 
safe 
‘This way of uniting quantum 


known ideas too. One, called causal dynamical 
triangulation, involves dividing space-time up into 
Ile triangles. Another is a theory called causal 
sets, which says that space-time is only an iusion, 
and the fabric of the universe i really a set of 
disconnected but related points. Asymptotically 
safe gravity isa pethaps more mundane idea, 
and involves quantising gravity using the same 
framework that results in the Standard Model, but 
applying some mathematical safety precautions to 
prevent the problems that wll otherivse aise 

‘But quantum gravity isn the only thing we need 
for a theory of everything, Another step is unifying 
the three forces inthe Standard Model of particle 
physics: the sting and weak nuclear forces, and the 
‘electromagnetic force. We know that two of these, 
the electromagnetic force and the weak force, da, 
‘come together at high energies as something called 
the electroweak imeraction. But so far the strong 
force has remained steadfastly separate 

Theories that combine all three ~ known as 
rand unification theories, or GUTS tend 0 require 
protons that are unstable and decay similar to hove 
atomic nucle decay, But that’s not what we observe 
in nature. “I you manage to closely monitor alot 
of those protons, for example, just by taking a big 


“L think that right now we are still 
far away from finding this theory 
of everything” sabine Hossenfetder 


tank of water, you can estimate how likely itis for 
proton to decay, even ifit takes a very longtime” 
says Hossentfelder. ‘And we have not seen a single 
proton decay" This has ruled out our fist couple of 
attempts ata grand unification theary, she 53 

Bul thete are other more complex versions that 
‘cant yet be ruled out experimentally, so could turn 
out tobe accurate 

Similarly, one of the major problems with string 
theory is that we cantt yet test it experimental 
“Because ofthis, [tink that right now we are 
sill faraway from finding this theory” says 
Hossenfelder, “Even if we were able to solve those 
‘mathematical problems, inthe best case maybe 
well be able to solve them in the next-20 years, we 
‘would sill not know that dis is actually the theary 
that describes the universe that we live in? 

‘But says Pullin, thats to be expected for theories 
that arent fully unravelled yet, “The fact that we 
dont have experimental predictions for theories 
that are incomplete is not necessarily bad he says. 
“Perhaps when we know more about them. the 
expenment 

Until very recently, say's Hossentelder, people 
had assumed that experimentally testing quantum 
‘sravitational effects was not possible at all Thats 


prediction will come about 


The theory of everything 


because, as the weakest force by along way 
the quantum effects of gravity are also much 
‘weaker than the quantum effects of the otter 
fences, "Bascal, the reason we cannot see the 
quantum effects ofthe gravitational field is that 
we canrtot create large objects with quantum 


e quantum gravitational effects fr sing 
elementary particles, because the ee 
toa small And if you pile up too many of these 
2s, you have a higher mass - which would 

‘make it easier to measure those quantum effects 
but then the quantum effects go av 

Bur there are new experiments on the horizon 
that could finally provide a way to measure 
quantum gravity, helping to point usin the right 
divection for a theory of everything, Over the last 
<ecaxle, physicists have been mal 
with creating larger and larger abjects that exist, 
In quantum states. These objects are not yet 
big enough to allow physicists to also measure 
their gravitational effects - but with a few more 
technoleg 

Hossenfelder is hopeful that this means 
experimental tess of quantum gravity ae within 
‘ur grasp. And that would mean theorists working 
theory loop quantum gravity and other 
quantum gravity i finally get an 
experimental nulge in the right direction, “If they 
actually manage to measure something, which I 
believe willbe possible within, say,the next 20. 
years oF So, then this has alot of promise to actually 
guide the development of the theory” she says. 


ig headway 


ances, that’s areal possibility 


Interview Seamus Tuohy 


Seamus Tuohy (iil 


THE FUTURE OF 
MOON LANDING 
TECHNOLOGIES 


NASA and private enterprises are forever on the hunt for new initiatives to 
make lunar landings safer and more routine. Draper Laboratory is one of the 
organisations incredibly close to developing self-landing spacecraft 


Interviewed by Lee Cavendish 


How is Draper looking to improve and make 
‘lunar landings more routine? 

Draper's making a rather large investment of time 
and energy in developing technologies for landing 
1 the Moon very precisely andl very safely, That 
ranges from small landers all the way up to landers 
that would carry humans down to the surface 

of the Moon and also very large cargo delivery 
systems which would carry habitation modules 
down to the surface of the Moon, 

‘The technologies apply to all ofthe different 
sizes of landers, but all have to do with landing 
very precisely. twill navigate to wire you want 
tobe but also detect hazards that pap up while on 
your final approach, which you may not have seen 
Ustough imagery, avoiding those, getting you to the 
surface and near as possible to your desired point, 


A test was recently completed over Tuscon, 
‘Arizona. Please can you tell us a bit about what 
was involved? 
So one ofthe challenges of developing technologies 
toland on the Moon is tha tsa hard thing to 
o and you dont have atest Moon you can go 
toand try things out, So what you ty ro dois 
se the Earth as an analogue, to replicate some 
environment fo incrementally stress your systems 
so that you bulld confidence in that performance 
before you actually 20 to the Moon, 

‘The test we just recently did was ane of those 
Ik was testing a vision-based navigation system, 
that we call DMES, for Draper MultiEnvironment 
Navigator A particular aspect of DMES we were 
testing was its vision using optical cameras - 10 
track features while the vehicle was doing terminal 
approach and landing so that we could navigate 
This test gathered data from a landing that started 
at 120,000 feet (37 ldlometres} altitude. We had 
previously tested this system from being dropped 
from aeroplanes at about 35000 fee [11 kilometres 
to sub orbital rockets that had gone up to 70,000 


{et [21 kilometres), This was just another stressing 
ofthe software and a camera system to see ft 
‘would work from 120,00 feet. 

‘When we goto the Moon it will have to work 
Jlometres in altitude, but the Moon is somewhat 
better as it has no atmosphere and no disturbances, 
so nothing to muck around withthe picture 
‘This was a very good incremental test, and what 
NASA provides through what they call Flight 
Opportunities is that NASA will make availble a 
testing platform - inthis case a high-akitule balloon 

and Draper comes with is navigation instrument 
and softwave, NASA then allows if to be put up on 
the platform up fo 120.000 feet (37 kilometres] and 
it gets dropped, and we get all the data ftom that 
drop test and we see iit works 


‘Are there any tests planned for the near future? 
‘Yes, So we have tests on Earth which will zo on a 


suib-obital rocket developed by a company named 
Masten, and we also have tests to go up on a sub 
ital but space-capable rocket called New Shepard 
developed by Blue Ongin, 

In two years we have the ultimate test in 
that we are going to fly the software on a 
commercial small lander that wall actually land 
on the Moon, 


What challenges need to be overcome when it 
comes to designing and creating the technology? 
‘The intial challenge is developing the algorithms 
and matching them with the software and the 
harchare that develops the system, However, 

the biggest challenge i, like I said before t's not 
very easy to go out and test it against the Moon. 
You have to do a lot of simulations, and Draper 

has invested a significant amount of money in 
gathering digital data ofthe Moon, collected by 


Below: 
‘Thehigh altitude 
balloon that saw 
Draper test its 
technologies at 
120,000 feet 
G7islometres) 


Bottom: Draper's 
‘navigation 
software will 
allow OSIRIS- 
REX totouch the 
surface ofthe 
asteroid Benn 
and collect 
asample 


“This provides the technology that we 


believe will make lunar landings routine, 
reliable and safe" 


Lunar Reconnaissance Orbiter [LRO] and 
modelling what the 
then they go tothe Moon 

ina facility, the next 

ith the 

balloons and sub-osbital rackets where you actually 
take it out om the fel 2 

ld call ‘eal terrain’ 
things that have different variations in how they 
look, different lighting condit 
Conditions. And that’s the next step befo 
‘tall the way to the Moon, 


level t 


st it against what 1 
things that have shado 


‘The Moon has been extensively imaged with, 
orbiters and ground-based telescopes. What 
en'talready 


tacle to us 
uid have 


fined by something 
that the lander y i. ether because 
land harsh or the platform isnt big 
snough, Soi 'm landing something that has, fo 
example a tenfoot[three-metre] clea 
‘ground, can take obstacles that ar 
I could take stuff that's even a foot. That doestit 
bother me because Ml clear i, but ifm landing a 
small lander, then an obstacle that is afoot long, 
‘could be really bad. 
‘The data recorded by 
three to four feet [09 to 


ends to be around 
tts] in resolution, 


26 


hing smaller than three to four feet may not be 
apparent in the images that you see 
‘You also have the situation where if you! 
landing that perhaps wl 
re sn shadow - for 
3 the south pole then atthe tie 
you need to detect 
‘on the 
IL Heand Aldrin, alot of what 
lid was hazard detection and safe landing 
site selection 


What's the importance of having technology 

‘that can do this in real-time as opposed to being 

‘remotely controlled from Earth? 

‘The dynamics of landing are such that yout like 

to have that rapid reaction in the ability of the 

platform itself to safe spot isto 

put dawn. It adds to safety and it adds to reliability 
tof the loop. 

ant to land on the 


ure out where 
because you'e taking elements 
For example, if you 
pom you have to 


ping, i has a high level of autonomy and 
ouldn't have to burden the infrastructure 


Could this technology be applied to regions 
beyond the Moon? 
Yes. Some of the work we are doing fs bullt pon 
the work we are doing with [NASAS} OSIRIS 
REx, which isa mission orbiting an asteroid right 
now and attempting to touch down and collect = 
sample. Some ofthe navigation technology we are 
Teveraging here was developed for that programme, 
‘where we are helping to navigate the spacecraft to 
the precise sample-collection point 

also has direct application to any planetary 
body, whether that's an asteroid, a macn of another 
planet that doesnt have an atmosphere ora planet 
that doesnt have an atmosphere. The navigation 
system depends on being able to detect features and 
using the machine vision software to determine 
‘how those features move within the picture which 
you take so that you c 
how fast you travelling and also to detect things 
that would be hazardous to your landing. 


n determine where you ate, 


‘The 50th anniversary of the Apollo 11 landing is 
Imminent, How does this technology compare to 
that used at the time? 
Draper was the first contractor named on Apollo, 
‘We developed the Apollo navigation system and 
‘the guidance system, Were very familiar with that 
technology. and we tend to think of the system as, 
navigation - determining where you are - guidance 
‘where I want to go - and control - how you control 
the platform to get fo where the guidance says 
Controls very vehiclespecific its how you 
fire jets and control thrusts to move yaur vehicle 
The Apollo guidance system was actually very 
sophisticated in order to do that. so were leveraging 
‘that technology. Guidance is very physics-based, 
anid as physics hast really changed in 50 years 
ele leveraging a lot ofthe same techniques ust 
‘on Apollo, Navigation is where the big change is. 
For Apolo it depended, particulary on landing, on 


the astronauts to do navigation 
relative to features they had 
Identified and hazard detection 
and site detection, What we're 
trying to do here isin order to 
make lunat landing mote routine 
safer and more reliable - we're 
adding autonomy to that navigation 
part In addition to using the astronauts 
eS 3S a Senor, Wee going to Use cameras. 
‘Were going to use modern sensing abilives and 
modern machine learning software to do the job 
if a crew ison board, but if the crew is an board, 
to augment the crew's ability in order to navigate 
relative to features and pet very precise landing 
‘capabilities. Small landers and even up tothe large 
cargo landers would use madem optics, moxiern| 
‘electronics, modern machine vision and machine 
Teaming to do the job that we require an astronaut 
todo. 


‘What benefits does this type of technology have 
‘on the lunar lander business market? 
‘Whar this does is provide the technology that we 
believe will make lunar landings routine, reliable 
nd safe. This means the vehicle will get dawn to 
where you want it and i will get down in one piece 
inan operational landing 
Tn order to have commer 


al operations, you need 
somthing reliable. ffm spending the money to 
start harvesting water ice in the south pale of the 
Moon, ot Im spending the money to extract rare 
Earth material from the regolith ofthe Moon, Tcan't 
have landings that are special every time. It needs 
tobe something that's routine, that’s dependable 
that’s reliable, that Ican count on happening to my 
desired requirements. 

In particular, in being able to land precisely, 
Let's envisage 2 word in which Ihave mining 
operations on the surface of the Moon. When 1 


extract something, I put 
those in some container that 
needs to be returned back to 
Earth, Well, need landers 
that have either the supplies 
or the vehicle to take the 
‘material back to Earth. have 
te have those land close to where 
the material is. f they land miles away 
then it doesn't do me any good, and Tl have 

the expense of having to transport stuff over to 
where the landers are. It's much better to have the 
landers land where they are supposed to land, and 
so froma commercial enterprise we think that this 
technology is critical to routinise lunar landings. So 
When they become routine al of a sudden you can 
sfart to depend on them, all ofa sudden it becomes 
known quantity all ofa sudden this is when you 
can start saying ths is how make my money, 


Do you think this sort of technology takes away 
the need for astronauts, making the need for 
human exploration redundant? 
In the aspect of landing precisely and safely i's 
ot that youte replacing humans, its that you" 
actually allowing humans to commute to work. You 
‘eed humans to do the work. I's like saying if Thad 
an autonomous car, then people:no longer need to 
0 to Work All the autonomous cars and trains do 
is allow humans to bein professions in which they 
are supposed to be working in, as opposed to me 
being the train conductor on my commuter tain 

If these vehicles can land very routinely without 
humans, then why do we need humans? Well, we 
‘need humans to do the work that they were sent 
there to do, whieh isto explore, discover and put 
in place infrastructures and properties that you 
can eventually make money off There's stil lot 
cf complex operations that beneft from having 
humans there. We are just making the trip safer 


Abou 
World View 
Enterprises 
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take its 
vision-based 
technologies 
tospaceand 
capture the 
curvature, 
‘ofarth 
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The Great Attractor 


WEA 
WHATIS_ 


THE GREAT 
ATTRACTOR? 


Galaxies appear to be affected by a'concentration of matter, 
but what is it and where is it coming from? 


Reported by David Crookes 


e 


YSTERIES@) 
INIVERSE 


hey became known as the Seven And yet none that ae lange enough have So far but they also have a bunch of other measurements 
Samurai - seven astronomers been identified with total conviction tohhand winich they hope will point them in the 
dedicated to discovering more about Dressler, who is now an astronomer at the right dection 


cllipical galaxies wino, in the process, Carnegie Institution for Scien 


and working in the “Back in 1980 we had been 


king measurements 


appeared to slice through conventional theory observatories in Pasadena, California, wants to get from observatories around the globe, ooking 

Drawn from across the lobe in 1980, these seven to the bottom of the issue, Having been part of the understand the structure of elipical galaxies 

‘were led by Sandra Faber. In her team: were original team who made the initial discovery. he is and when they formed” Dressler tells us, with 

astronomers Alan Dressler, Roberto Tetlevich, Today among a number of scientists continuing to reference to the original discovery "We wer 

Donald Lynden-Bell, Gary Wegner, David Burnstein look for evidence. taking measurements knowing that the universe is 

and Roger Davies. They were tasked with working ‘Such astronomers knaw the exact temperature expanding and thatthe galaxies are moving away 

with data collected by some of the most advanced difference -"the anisotropy amounts to +000335 from each other, We knew we could get a pretty 

slant telescopes on Earth. degrees Kelvin on ane side and-0003350n the good idea of how far away a galaxy is by measuring 

The group had come together following some other, so is several thousandth of a degree how fast itis moving away 

remarkable discoveries over the preceding two warmer on one side and colder on the other side The team also used a second method of finding 

des. One had come in 1965 when Amo Penzias as seen fram the Milky Way." Dressler explains distances to elliptical galaxies: looking atthe 


and Robert Wilson, two researchers with Bell 
‘Telephone Laboratories, had picked up uniform 
noise from a radio recever they had created, 


. "We knew we could get a pretty good idea 
iment semememensgaaem, Of HOW far away a galaxy is by measuring 


Muitanaensiosecaivss HOW fast it is moving away" pr aianDress 
dsoqun Sealed mapping te CME the 


knew that same 138 billion years ago the uni we 
‘emerged fiom a singulanty in an eveat that ince 
we know as the Big Bang, and that i has been pulling the 
expanding since. But the CMB was noted to bea ‘Milky Way 
Tile bit warmer on one side of the Milky Way than towards the 
the other, and this finding proved to be arather southern 
significant one ‘constellations 

For notonly does the difference in temperature Centaurus 

u i nd Hydra 


suggest the Milky Way is travelling at 600 
kilometres per second (370 miles per second) 
relative to the cosmic background radiation - our 
peculiar velocity - i also led to research that 
‘suggested a rather lopsided movement, The 
citer side of the Milky Way were not 

seen to be travelling atthe same velocity, pointing 
10 particularly large clump of matter exerting a 
strong pull 

‘Since this was discovered by the Seven 
‘Samurai, scientists have tried to pin down, 
‘exactly what that might be and why the Milky 
Nay together with 100,000 other galaxies - Is 
moving tather quickly towards an unseen object, 
250 million light years away in the direction of 
the constellations of Centaurus and Hydra. Isa 
avitational anomaly and the findings sugs 
Cluster of galaxies with the mass of a quadrilion 
‘Suns somewhere out there is causing the effect. 


The theories t's ture ike no other, so what could be causing such a cosmic attraction? 


Lure of gravity Virgo Supercluster Something hidden Shapley Supercluster_A single location 

The Great Attractor The Vigo Supercuster -Achunkoftheuniverse® —-‘Thissuperclusteriealso There's thought thatthe 
‘prefered toasa contains the Virgo Custer _‘ocked from view bythe known tobe inthis area Great attractors the 

sgavittional anomaly -ift and, importantly, the Local gases, starsanddust of of thesky tis about 650 gravitational ear ofthe 


wasn't pulling on the Milky Group, which includes the the Miiky Way, and itjust million ight years away ‘Laniakea Supercluster, 
Way and scores of other Milky Way and Andromeda so happens thatthe Great and forms the largest ‘of which the Virgo 
salaxiesin thisregjon, they galaxies and theirsatelites Attractor is located inthis nearby concentration of _Supercluster forms an arm. 
Would be continuing te fly onits outskirts. However, chunk. Modern techniques galaxies. Some scientists If this proves true then the 
apart. The crucial question _—_the supercluster isnot have uncovered evidence believe that may be causing Great Attractor isnot a 
's what is exerting that ‘massive enough to cause of the Norma Cluster the lopsided movement ‘mass of objects, but 
gravitational pull? the pul which could be a pul, ‘of our local galaxies. a destination, 


The Great Attractor 


The Great Attractor: where it's located 


As well as questioning what the mysterious force is, 
scientists have been seeking to pinpoint its location 


Virgo Supercluster 
Containing the Virgo Cluster and 
{Local Group, this Superclusteris 
‘110 milion ight years across 


‘Towards the Centaurus Cluster 
‘The Great Attractor isa dense region about 220 


‘Supercluster inthe direction ofthe Centaurus 
and Norma clusters. 


“The Vingo Supercluster, which includes the Virgo 
(Guster that contains the Milly Way and all you 
«an see here, is part of afar larger supercluster 
called Laniakea. 


about 10 milion ight years 


Superdusters aplenty 
‘The Laniakea Supercluster borders another supercuster 


Laniakea's sheer size 
‘Atabout S00 milion light years in 


per ey Caled Perseus Paces, san aes of space tha s densely 
E Finlay ciate packed with superclusters, and these will be exerting an 


immense gravitational pul. 
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Defying Hubble's Law 
: Dark flow Heelan yd wane 
} San beeen 
‘ Entire clusters of galaxies have at a uniform rate in all directions, 
* been found to be drifting towards Gees eco 
eee 
: ° asingle point clusters are caught in a fast-moving 
Serurere pie: 
pert 
ay 
involved in this, all Ar 
jarani i : 
pees is 


Immense flow 
What were seeing 
when you add 
‘Abell 665 (green) 
and Abell 520 (red) 
Is huge amount of 


Different colours 


‘matter being pulled 
Here we see the different clusters represented as colours: inone direction, 
the Coma Galaxy Cluster, which is represented in blue, suggesting there 
consists of some 1,000 identified galaxies and contains Issomething huge 
both giant and dwarf ellipticals. Abell 1689 is yellow and attracting it. 


‘one ofthe mast massive galaxy clusters. 


air ween the expansion distance and moving and found there wasa big supercluster -a axies around it, although advancing 
an indepeniien ance. This tld band of galaxies covering the southern sky almost ervation techniques over the years have th 
them how each galaxy was moving with respect to like a made of galavies. The i some possibile 
th -e measurements they ‘died this further, running into the possibilty rich cluster has been identifi 
n of space containing _that the universe was lumper in ts distribution of . Norma Ci Jer say 
other pa ed as if it galaxies than ever imagined, i ma Ch n 
led sideways towards a distant point Even though the universe expands in thissort dh > be near the centre ofthe Great 
cuthern sky at a rather rapid speed. “The # wonderfully uniform way, we also know it Attractor, and there is evidence that local gala 
difference between the expansion distance and very lump afl n audience Yet it doesnt tol the full sto 
the independ sre of distance gives you the gathered ups findings in 1987 that on the sca 
ressler sa pable cause was amass he dubbed the Great displayed by galax rs ~ that is, until 
team b tor. the name stuck bly, ther 
Since then astronomers have sought to figure a clus mote than 
1 exaetly What it could be, and within three pany as 2,000, I form 
ssler and the rest of the Seven Samurai had percluster, a8 does the 
ntfled 139 g nced hy whatever is out 
there: One ofthe major issues, hosvever, 1s that Hi 
ina part of space that cannot be directly observed m upercster is p 


without difficulty dom to be pulling us, giving us a motion 

This section ofthe sky is called the Zone respect to the CMB" Dressler says. "We live 
of Avoidance, and the constellation Centaur outskirts ofthis supercluster, and there has been a 
the diction in which the Great atiactor es tion that ts pulling om us and holding w 
is right within it, tis. an area obscured by the Tn that sense, the Great Attractor would 


uation, stars and interstellar dustin the pl easly he the Great Supercluster. "The fact that it 
and this makes it neaeimpossible ists more of an acident than anything else 
ar in the visible spectrum. It means the Dressler says, Even so, that doesn't quite Fully 


idence is based upon observing the in what is going on.“ made total sense, but 


people sai Yes, and where's the re 
from?" We suggested that this big collection 
galawies- thousands of them - with their dark 
was in the Milky 
n respect tothe CMB, and 
hat needed to be added tothe pull oft 
supercluster, which is ten-times smaller. Weld found 
a supercluster where we needed it and we made 
but the data was not good enough from the 
Jnnique used to convince ou that t 
at Attractor was the culprit” Dressler continues 
So what happend in the yeats after that 
nich of Surv where people sak! 
su tractor and 
al direction, 


ainly the case that astronomers hav 
ing for potential su rs that c 
2in the attraction, There is consensus that 3 
supercluster may be made up of galaxies that an 
ing attracted to a common centre and, indeed, 
nthe Virgo Supercluster does not exist alone 
itt found to be part of the Lami 
‘Supercluster, and the former is a mere appe 
ofthe latter, The Great Attractor is understood by a 
number of scientists to be atthe gravitational centre 
Taniakea Supercluste 
had been a conclusion that the CMB 
that we stated with were not caused by 
ana this Great Attractor, but somethi 


pulled 
Towards the 
(Great Attractor 
asenvisaged 
bya computer. 
generated 
‘mage centred 
onthe 
distribution 
ofmatter 


‘Topright: 
‘Atiny area 
ofthe sky 
centring ona 
bright galaxy 
inthe general 
location of the 
(Great Attractor 


region ofthe 
sky where the 
(Great Attractor 
Islocated 


The Zone of Avoidance 


Its name sounds dramatic, but 
there is a section of space that is 
rather difficult to see 


There isa20 per cent 
chuck ofthe universe 
that obstructs the view 
of astronomers at visible 
wavelengths. Thisis 
What is known as the 
Zone of Avoidance. 


Viewing from the Milky 
Way, interstellar dust and 
stars in the galaxy plane 
get in the way. From this, 
galactic plane the Zone 
‘of Avoidance spans ten 
degrees above and below. 


1e Great Attractor 


‘Astronomers are able to see 80 
per cent ofthe universe around 
us, and they mathematically 
measure a parameter called 
redshift which allows them to 
figure cosmological distances, 


The best way of observing 
objects in this zones to 
make use of wavelengths 
unaffected by dust, such as 
infrared and X-ray Surveys 


Far from being free of 
‘extragalactic objects, this area 
of sky is full of objects and the 

Great Attractor is located within 

the Zone of Avoidance, 
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‘There had also been a theory that yes, it's the more 


dliscant thing that’s pling on us because not only 
{is our galaxy moving, but even the Great Atractor 
1s moving towards the more distant place, This 
Tapered around the year 2000 and the i 
with what could be measured from the 
background’ 
By the middle ofthat decade, howe 
ut. The Parkes tad 
Has fited with a new receiver aimed at peoking 
‘past the Zone of Avoidance. The HI Parkes Al 
y has been 

than before and hundreds of galaxies a third of 
which had never even been suspected bi 
revealed. The density of galaxies in this atea ofthe 
sky is becoming 
Attractor itself has stil not been found, 

In 2010, Dresser returned to 

he could m: 
vay in clearing up the 

new technique for geting galaxy distances which 
Thad worked a litle on in ju tty 
resolve the brightest stars inthe galaxy, he says 
much beter 


was cari 


an infrared camera on the Giant 
Magellan Telescope and it takes cosmetically perfect 
Pictures, This means that compared to eartier 
nniques distanc per 
ent accuracy instead of only 25 percent, and that 
le to settle the matter of whether 
(or something more distant, 


Left: 
Aninfrared 
the Giant 
Magellan 
Telescope 
galaxy 
distances 
accuracy 


‘Even though the universe expands in this 


sort of wonderfully uniform way, we also 
know it is very lumpy” pr atan dressier 


the CMB dipok 
From the Milky Way: 

fers hunch is that gravity is simply 

at work ina hidden cluster of galas, and 

an astrophysicist at 'The 


wall be seeing galaxk 
as ours heading towards the centre of the 
Group. In turn, he the objects in the 
Virgo Supercluster are falling towards ts own 
centre, the Vi 


hundre 


red by Australian 
50 millon light years away were 
tohave an immense gravitational pall, ané 
hil a Tot 

‘on both: 8 
snd other people ar 


“Tm studying gal 
distances and their mation 
using other methods to find other 


this galactic dust” Dressler says, "But 
the Great Attractor ~the part w 
my the Centaurus custer which is fr from the 
‘centre and this Norma cluster wi 


The likelihood is that gravity i 
nty of galaxies int 
the pulling “Not having several 
alaxies as ma 
ople to doubt thatthe Great 
“But fm mak 


from, 
plain the 
ted that 


ver rate than it should, which 
id mean the that our galaxy will 
‘eventually reach it, and perhaps it will destroy 
us. It's not something to be worrying about today 
thar for humans a fe bilion 
to fet about - but i intriguing nevertheless, 
afterall 


€$90647 Apollo Command Module 
Scale FTB tengih 70mm £12.09 
Responsible lor caryieg all threw extronaut and he Lunar Module ino lunar orb 


tron edie wend 2 do quartet eeer ey halt comeceds 
‘mon dave! 


890646 Apollo Lunar Module 

Seale FIB Lengh S2mn £12.99 

The Lnar Module landad on the Moon's surlace on the 20% by 196° and atl 
Incl the record fet being the hat and only crewed vehile te land. 

‘hon Earth Amazingly, 2 humble bro pen come othe add of Burz Alvin and Nail 
‘Armationg when 9 crea? Brecker wat damaged by the team. By jamming @ bho Mt 
‘he citeut breckars hala tha module managed 0 complate the Lior Asceni 


Never underestimate 


the humble Biro pen 


You DD /officialcorgi VF corgi Ei /corgidiecast 


“One small step for A man, one giant leap for mankind”, words 
spoken by Neil Armstrong, the first human to walk on the moon, 
Those moments of the 21* July 1969 will resonate, entertain and 
inspire generations to come. 


2019 celebrates the 50* anniversary of the Apollo 11 landing, 
which is responsible for the first foot prints on the moon, which 

still remain there to this day. Corgi are proud to reintroduce two 
‘Apollo 11 products to the range in celebration of this scientific feat. 
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Long March 5 


China's most powerful rocket will bring the nation's presence in 
space to prominence, eventually building a space station 


The Long March 5, o Chanszheng 5, is supposed 
to become the crown jewel of Chinese rocketry 
The China Academy of Launch Vehicle Technology 


THE SPECS 


Launch: 3 November 2016 


Launch site: WenchangLaunch (CALI) hasbeen working irelesly over he ast two 
yeas o perfect one of the wots most powerful 
Center, Hainan Island rockets, winch is comparable tothe United States 
Rocket: 57 metres (I87 feet) Delia V Heavy. The Detta TV Heavy rocket, which 
‘most notably launched NASAS Parker Soar Probe 
bysineties (16 2d in August 2018, provides a total thrust of 9700 
Target: Low-Earth orbitand beyond tokewtons (kN) that can take roughly 28870 
Operator: China Academy of Launch —klostams 63471 pounds of cargo to low-Earth 
obit To put the Lang March 5 into perspective, this 
Vehice Technology (CALT) rocket provides 5.840 KN of thrust at sea level and 
Capacity to low-Earth orbit: «an place around 25000 lalograms (5,6 pounds) 
25000 kilograms ote noo Zs ti Ts males the Long 
‘ March the third most powerful rocket cumenty on 
Components: Two core engines marke, with the Delta lV Heavy in second and 
and four boosters ‘SpaceX's pioneering Falcon Heavy reining supreme, 
Next launch date: July 2019 This ocket was bul with the am of satisfying 


China's demands for transferring large payloads into 
low-Earth orbit, geostationary transfer orbit (GEO) 
‘Which i a more elliptical orbit around arth - and 
farther inthe foreseeable future. Since 2007 when 
funding began, the rocket has been constructed 
fom the ground up, and has so far had its highs and 


7m (5.68 average 
hang 


——s7masm— ground up” 


Jows in demonstrations, It has only undergone two 
flights: the frst was in November 2016, which was 
‘deomed successful. Unfortunately the second flight 
{in Joly 2017 was unsucressful and last its payload 
after a first-stage failure. Two years alter the falure, 
the China National Space Administration (CNSA 
Took to rejuvenate the rocket with is third launch, 
which could lead tothe delivery of very exciting 
‘missions in the near future 

Before any plans can be divulged, however, the 
specifics ofthe rocket must be tested tsa ea 
testament to modem rocketry and could prove to 
bbe a heavyweight when it comes to launching space 
exploration missions, The fith member ofthe Long 
March rocket family isthe fist Chinese vehicle 
‘designed from scratch that focuses purely on guid 
rocket propellants Iisa two-stage - with the added 
Potential ofa third stage -heavyehft rocket that 
ubises four boosters, each with two YF100 engines, 
<atound a core stage that uses two YP77 engines. 

‘ter the separation ofthe boosters the rocket 
‘ill continue t fire two YE77 engines in order to 
fly on tots trajectory. After roughly eight minates 
‘of burn time, the second stage separates and uses 
two YF7SD engines that provide a further 176 kN 


“Since 2007 when funding began, the 
rocket has been constructed from the 
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Anatomy of a super rocket 


China's most powerful booster consists of at least two stages and four boosters. 
that will take it away from Earth and beyond 


® Payload 
The payload ofthe rocket can hold v 
to LEO, oF 4 tones to GEO, which wi 
handy when building a space station. 


© Third stage 


@ YF-75D engines 


@ Second stage 
or he fist stage separates, 
the second stage than uses 
two sraller E75 engines for 
‘ve en minutes of burn tne, 


@ First stage 
The core stage ofthe Long March 5 
contains two YF77 engines that use 
liquid hydrogen and liquid oxygen to 
provide thrust. 


© Improved YF-77 engines 
Alter the incident on ts second fight. 
the YF77 engines had to be proved. ts 
turbo pump exhaust was incovered 35 
the source ofthe proble. 
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‘The Long March 5 launches of thrust. Finally if there isa thied stage attached, 
from Wenchang Launch Center, which wil Help carry payloads beyond low-Earth 
Hainan island e it et will use its final two YE0D 


headed for the Moon or even beyond to Ma 
All this design and construction culminated in 
2 maiden fight on 3 November 2016, when Long 
March 5 cartied an expetimental alled 
hija7 from the Wenchang Launch Center an 
Hainan Island, jst off the southern Chinese coast 
Details ofthe launch weren released immediately 
Jained that 


he Long March 5 was once again laun 
Wenchang Launch Center, this ti 


5 Payload separation 
‘Mter the second stage’ fring is complete, th 


3 Introduction of 
the second stage 
After the second stage separates and the 
payload is exposed atthe tp ofthe rocket, 
the two YF730 rockets git for roughly 
nother ten minutes. 


2 Separation of 
the boosters 
4 Splashdown for 
the boosters 
the payload 
on wth ts ascent 


descent into the Indian 
‘Ocean, away from harm. 


‘off from Wenchang Launch Center 


Shiand8 experimental communications satellite 
Unfortunately this was deemed a failure asthe 
satellite did not reach orbit. The issue appeared to 
‘begin after the initial four boosters separated, This 
Jed to the satellite failing to reach orbit instead 
(ashing nto the Indian Ocean, This was later 
atrTouted toa turbo pump exhaust sste in one of 
the YF77 engines that power the fist stage 

The Chinese space agency has since taken its 
time in geting the next Long March § rocket 
into action, Its next launch is scheduled for July 
2019, two years after the failure. Redemption 
{inthis case wil involve launching from the 
same site on Hainan, carrying the Shjan-20 
‘communications satelite. To prevent the same 
‘mishap, the rocket has redesigned YF77 engines 
capable of withstanding the complex thermal 
conditions of launch, Hf launch is successful then 
itcan begin carrying more exciting payloads such 
as the Change: lunar sample-teturn mission, a 


Martian ofbiter and rover and even besin delivering 


‘modules ofthe Chinese space station, Tlangong, 
which means ‘Heavenly Palace’ in Chinese 

ALT also has plans ta improve on the Long, 
March family with the tnttoduction ofthe Lone 
March 8 -a mediumife rocket that will notably 
be reusable ater lunch, However, main effets at 
the moment are to focus on the Long March 5 and 


make sure its issues are in the past. There are many 


exciting missions and projects inthe works that 
rely on this heavy-duty rocket being able to take 
payloads far away from Farth, 


“CALT also has 
plans to improve 
on the Long 
March family” 


TOP TECH 
The YF-100 engine 
Inthe proces of 
frienly engine that ean 
provide he propulsion 
needed for Heat cago 
delivery into spac 
the YT100 engine 
born. Thisis te most 
powerful engine used 
on the Long March 5 
ani sited tice over 
wi each engine 
providing a thrust at sea 
evel of 1200 KN 

This engines much more ecient and safer for 
the envionment as CALT inrocuced cryogenic 
propulsion systems that use Kel -a term 
tsed when buring both lnuldotygen and qu 
Yetosene rocket fel 


h of the boosters, 


Head-to-head 
Long March 5 vs 
Falcon Heavy 


How does China's most powerful rocket 
compare to SpaceX’ juggernaut? In terms of 

ine the Falcon Heavy i aller by 13 metres (43 
fee), but Long March 5 has the wider diameter 
by just over a mete (thee fee), However, the 
Falcon Heavy is reusable, with ts two boosters 
and cote stage able to land safely on intended 
landing zones, The Long March 5 takes the 
conventional rocketry approach of disposing of 
the boosters and first stage in the ocean, 

Falcon Heavy does take the crown when 

it comes to most powerful rocket it can take 
‘ver 60 tonnes to LEO, as opposed to Long 
‘March $8 25 tonnes. 


Long MarchS 
867000kg 


Falcon Heavy 
1420788kg 


Vital statistics 


The payload mass 
to LB0 


Thrust of Long 
March 5 on the 
e wand 


§.2=.2- 


to send to the 


tonnes ‘Moon 


il 


The most used by 
any ecket nthe 
Long Mareh family 


boosters 
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Four missions that 
Long March 5 will 
carry into space 


\Chang'e-5 

ts fourth edition made history as it became 
the first to explore the fr sie of the Moon, 
whereas Changle5 could potentialy collect 
lunar surface sample and return it to Earth, This, 
launch is currently scheduled for late 2019. 


Mid:2020 could see the launch of a Martian 
‘explorer, consisting ofa orbiter and a rover. The 
rover willbe able to provide up-close analysis of 
the sol, searching for any signs of ancient ie 


Ech tet 

ese reson consact is 
pena Taner repro 
evn ce threo aces ees 
Mine egies aspera 
sca Sate, 


Aiur space telescope 
1ubbed “more powerful than Hubble" the 


telescope could see space in the 2020s, This 
space telescope wil follow the same orbit as the 
Chinese space station and wil provide afield of 
view 300-times larger than Hubble's 
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Exomoons, 


Astronomers have unearthed 
exciting evidence for a Neptune-sized 
moon orbiting a Jupiter-sized planet 
8,000 light years away 


Reported by Lee Cavendish 


= : Ee, 


FINDING - 
EXOMOON 


Exorhoons f= 


Exomoons 


“Testing a hypothesis rigorously is part of science, 
and I'd be uncomfortable frankly if people simply 
took us at our word that this moon is real” aicx reachey 


‘cons are found all throughout the Solar 
System, In fact there are 184 known 
moons cnbiting the 1 planets and 
‘dwarf planets, with just over 70 per 

cent of them orbiting the two gas giants, up 

and Saturn f you apply the same figures tothe 

Jatest known exoplanet count - 3972 atthe time 

of writing - fora tough estimate. there could be a 

Potential number of at least 85.000 moons outside 

‘our Solar System, also known as exomoons, This is 

a staggering number, but i also raises a question: 

Why hast't an exomoon been discovered yet? 

Discoveries regarding exoplanets have been 
atthe forefront of astronomy for the last two 
decades and have produced some of the most 
headline-generating space news of recent times 

But another recent piece of news has generated 

‘equally exciting headlines, as astronomers claim to 

have made the first-ever detection of an exomoan. 

"wo astronomers at Columbia University in New 

Yotk have found the frst possible beacon signal 

for an exomeon around exoplanet Kepler 1625b, 

about 8,000 light years away from Earth, In 2017 

‘Alex Teachey and Dr David Kipping, astronomers at 

Columbia, went through 284 exoplanet candidates 

discovered by NASA nowdeceased Kepler 

space telescope before they found 

‘possible detection of a moon 

around Kepler-1625b, All About 

Space spoke to Teachey at 

‘the time: “We seem to have 

a pretty good idea of what 

this maon would Jook ike, 

and what that allows us 

todos then project into 

‘the future, We now have 

some sort of prediction as 

to what we'e looking for in 

the October [2017] transits If 

we finda good fit this would be 

really strong evidence that weve 

made a successful prediction. But at 

this poine irs tough because there are so few 

transits, So we'e approaching with an abundance of 

Caution, Until we observe i wit Hub 

not going to be entirely convinced” 

‘Now two years after that interview, Teachey 
and Kipping have found even more eviden 

the exomcon. named Kepler625b4 exists. They 

had their time with Hubble. and the results look 

promising. “Since that frst paper came out there 
have been a range of reactions, from excited to 

skeptical, and that's allo be expected. Testing a 

hypothesis rigorously is part of science, and Td 

be uncomfortable frankly if people simply took 

ts at our word that this moon i teal” Teachey 

livulzes to All About Space. “As the famous saying 

goes, extraordinary claims require extraondinary 


wee just 


44 


‘evidence! [think this certainly counts as an 
extraordinary claim, but we've tried to be up front 
about the fact that, night now anyway, we haventt 
got extraordinary evidence. We've go evidence: 
‘The evidence in this cases hidden inthe ight of 
the host star The same technique that has been so 
successful in confitming the existence of thousands 
(of exoplanets i also being used to find exomoons, 
but itisa much more dificulk challenge. When, 
stronomers talk about ‘transits, they are talking, 
about when an object moves in front of ts host star 
from the perspective of Bath, and blocks a part of 
the stars light. By measuring the star's brightness 
‘over a period of time in what's known asa ight 
urve, astronomers can Watch the transit of the 
‘object moving infront of the star, thus determining 
its existence. In this instance Teachey and Kipping 
observed the transt of exoplanet Kepler 16255, but 
in 2017 also saw a much smaller transit that could 
be the calling card ofthe frstever moon found 
outside the Solar System. 
Ifthe evidence and analysis ate corect then 
the exomoon is close to the size of Neptune and 
cubits a planet three times the sizeof Jupiter. bot 
of which orbit a star similar to the Sun ina ck 
orbit. The size difference between Kepler- 
}625b and its moon is comparable 
to the Earth and Moon system, 
The anomalies in Kepler 625 
transits are what brought 
the exomoon hypothesis to 
the worlds attention, "Th 
fist anomaly] is that the 
planet appears to transit 


Right: 
Kepler 
‘TESS, has 
continued 
thesearch 
forhabitable 
planets 
outside our 
Solar System 


Left: 
lot Jupiters 
areeasierto 
detect because 
oftheir 


How did astronomers discover the exomoon? 


Using data from the Hubble Space Telescope and Kepler space telescope, astronomers were able to 
catch the starlight's signal of Kepler-1625b- 


Kepler-1625b emerges Observing the starlight ‘The end of exoplanet transit Kepler-1625b-i appears: 

‘The exoplanet Kepler 1625b begins AS Keple-1625b continues onits ‘The Hubble Space Telescope “Three-and-2-half hours after Kepler. 
toblock outlightasitcrossesin orbit hestarlosesafraction ofits observed close tothe full I-hour-__1625b’ transit, asecond smaller 
front of the star's face, but the brightness halfway through the Jong transit: However, the moon was transit was observed, attributed to 
‘moon is not doing the same. transit, equating to about 9.5hours. just about to enter the frame, the exomoon Kepler-1625b-1 


How are moons made? gene Tigsecod enceaiye aneditond antldean 


Swett 

Satellites can form in different ways, aeperiaset 

seen throughout the Solar System thisarayss has ot come without sepickm, SEMPRE 
ants one otfupaers 


decrease in the star's bright 
transit has completed! 


Atrophy: sets Below: 
the Max Planck Institue for Solar System Research -Exoplanets 

ermany have re-examined the data. After and exomoons 
Inspection, they have both stated hat the e could hold 

as likely either an artefac 

processing or simply that there isnot enough data 
to make such ahold claim In response to these 

ims, Teachey argues: "The fact is that after the 

dent analysis, making their 


cisions they saw the same feature we did in 
any explanation for 

The giantimpact scenario not astrophysical in nature 

This scenario also depiets how the Earth get its Moon. When ontinued monitoring of the 

a planetary system I in its early years of formation, there are liste yrhatyes cans yan meee 

planets, planetesimals and large chunks of debris constantly 

colliding. fa planets struck by an extremely large object 

chunks of material come fying off and gravity brings them 

together to form a moon. 


telescopes, would be valuable for characterising 
the system. Right no ly have four transits 
rk with, but adding move would fll out 
the picture abit more” That's the only way that 
andidate can be solidified asthe fustever 
3 detection - more and more data 
ell as light curv y and Kipping 
ld also like radial 


> 


The gravity-capture scenario 

Large planets ike the gas giants Jupiter, Saturn, Uranus and 
Neptune have extremely powerful gravitational attraction, 
Ian object gets too close, the planet will ot let it eave its 
grasp. So when a large dwarf planet sized object flies too close 
toa large planet, it will be captured and forms a moon. This is 
how Neptune got ts moon Triton. 


Moon-accretion scenario 
Similar to how all objects formed around the Sun atts epoch, 
‘moons could have formed from a disc of material orbiting 
‘extremely large planets. Jupiter's famous Gallean moons - to, 
Ganymede, Europa and Callsto- supposedly formed in this 
‘manner by the accretion of leftover orbiting debris 


Europa 


Kepler 16256-1 
(etrograde) 
Ganymede 
Triton 
to 
Moon 
Galiean moons 
Triton 
Host star 
Titan 
Calisto 
Kepler 162564 


Exomoons 


Kepler 162564 
(prograde) 
Tia 
SB 
Plant orbital plane 
Host star 


“The second anomaly is an additional 
decrease in the star's brightness after the 
planetary transit has completed" pavia xipping 


of 
This would help define the physical 
characteristic ofthe system while identifying 
ifth 
hope tore 
vetify or reject the 
explains "If validated, 
Jupiter with a Neptune: 
> planet hunting’ 
hing discovering an 
ding it. Its phys 
true. then astrand 
nb ig their head 
a Neptune sized satelite originates. Infact. 
srrently three 


dering 


nmed, oF the giantimp: in 
arly ages ofa planetary system a huge object 
nth an ev and leftover 


moon. In atthe scenario a moon is captured 
by planet. Neptu 
ay from the 


by the most outw 
also the thec 


planet in this way.‘Thete is 

that moons can 

cf material encompassing a 

how the planets formed around th 

the Galilean moons formed around Jupiter 
‘Of these, [think it's safe to say that t 
scenario cannot be responsible for making an 


‘Teachey, Td 


rete ftom a disc 
similar to 
un and how 


evidence in support of these scenarios, Triton, tc 
antly inclined with 


srt necessarily point towards a 


pect to Neptune's 


capture scenario because 
about the axial tit ofthe plan 
Tf the system does turn out 10 be 
‘moon around a hot Jupiter then the assumption can 
be made that they s giants, and impact 
bet mnt been h 
the giantimp 
isa huge vould broaden 
horizons forall astronomers as it goes against the 
al pi 
d revealing moons could be a 
s the diameter of Earth with 


A gas giant moor 


Exomoons 


but exomoons 
ed Teache) 
they though “Chiefly, k's very dificult. The 
that are merely left fe have now from nd TESS ~as fantasti 
the Solar System - they are now consider st -nough in 
inall 22, s0its 
ty. Many rate to find 
fe that some moons in then our favour 
the best pl It's no mete coincidence 
outside of Earth. "There ate int 
in our own Solar System, such as Europa. 
Enceladus, Titan and other places that ae very the host stars, be 
intriguing, and could even be habitable” sa 
TTeachey. Tf similar moons turn out tobe habitable instead of years. Iisa much more dificult tas 
inother parts of the galaxy, then this expands the in deducing moons, a tiny transit in front ofa star 


sbvious amount of light in durations of day. 


number of places where Ife could arise” If you! ja period that is not only dependant on its host's 
strapolate our knowledge of exciting moons in orbit around the star, but the orbit around 
‘our local system fo the number of known planesary exoplanet as well 
systems elsewhere in the the chance of lien Teachey Is confident, However, that this an 
Iie becomes scarily stimulating tng field of research, and he encourages more 
Although this isan area of astronomy that can ronomers fo join the hunt for unseen moons 
a few reasons, it can beyond the Solar System, which is set to only 
0 the scientf ease in momentum and popularity for many 
‘community. Exoplanetary research is atopic that inspiring discoveries to come: 


“If similar moons turn out to be habitable, 
then this expands the number of places 
where life could arise” atex teachey 
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Bek 
Thenow- 
retired 
Kepler space 
telescope 
discovered 
thousands 
ofexoplanet 
candidates, 


What the exomoon 
hunters are saying 
Laura Kreidberg 


“hare been a 


working on data 


Sats tor 7) 


this particular 4 
Instrument on c 
Hubble for about iS 


seven years now. so 
my pipeline hasbeen 

[put through the wringer. Even 
the hint ofa signal that they 
saw doesn’t hold up inthe 
‘new analysis, [We] conclude 
thatthe lunar transit signal 
found was ikely an artefact of 
the data reduction” 


David Kipping 
and Alex 
Teachey 

“Suffice to say, we 
think the pictures 3 
bit more complicated 
than is being 
reported, Thats, 
ewer studies are 
not right by virtue of 
being new, and think 
reporting along the ines 
ofthe moon sit thereafter 
ail would be a bridge too far 
siven the evidence in hand." 


assumptions all 
‘of which need to be 

further investigated. For 
the time belng, we take 

the position thatthe fist 
‘exomoon has yet to be 
detected, asthe kelnood of 
{an exomoon around Kepler 
1625b cannot be assessed 
With the methods used and 
data curently avaliable." 


David Kipping 
and Alex 
Teachey 
“dont think 
isan accurate ’ 
characterisation, think 

‘ur two papers on 

this candidate make 

dear that we've 

assumed as tle 

as possible, We've 

turned over every stone 

wwe can tink of, for example 
by testing variety of 
different detrending methods 
and examining all manner of 
other credible scenarios 
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René Heller 

"We find that f 

the exomoon 

hypothesis ; 
heavily relies on 

a chain of delicate 
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WH Blue Moon 


BLUE 
Stine 
BLUE 
MOON - 


CEO Jeff Bezos unveiled his 
private company's lander and 
motives for journeying to the 
lunar surface 


‘week after Blue Orig’s New Shepard 
spacecraft reached a personal record 

in altitude, cimbing 106 kilometres 
(65.8 mile), the aerospace organisation 
has revealed its new lunar lander, the Blue Moon, At 
the Washington Conference Center in Washington 
D.C. on 9 May 2019, American entrepreneur and 
founder of Blue Origin Jeff Bezos gave everyone a 
peek atthe ife sized mock-up ofthe lunar kinder 
that could potentially cary tonnes of cargo ~ and, 
‘even humans if the ascent stage is added ~ to the 
surface of the Moon, 

The landers unorthodox appearance is certainly 
‘an eye-catcher, butts capablities are the true eye 
‘opener. Depending on the configuration and mission 
the Blue Maon lander could take between 3.6 and = 
165 metric tons (3.2 ard 59 tonnes) of cargo to 
the surface of the Moon. This could play a huge 
role in returning humans tothe Moon, an area ~ 
that hast felt the presence of mankind in 
almost half a century. American President 4» 
Donald Trump has previously outlined his 
‘Objective for NASA to make this return 
bby 2024, and the need for commercial 
interjection has been playing a more 
influential part as time goes on. 

“This isan increable vehicle, and 
its going to the Moon,” Bezos said 
after unveling a mock-up ofthe Blue 
‘Moon lander at the Washington. 
Convention Center, if that does 


Blue Moon Si 


“This is an incredible vehicle, and 
it's going to the Moon ret 2ezos 


Belovwe‘The 
Blue Moon 
lander’ design 
isunlikeany 
other craft 


notnspre you, you are a the wrong event” Thats 
the name ofthe game ~ inspiration. Inspiration fom 
the Apollo program ita fame under many aspiring 
astronauts, astonomers and engineers around the 
lobe, and its about time that flame i egited 

Blue Origin hopes that this ander wil do the job a5 
Bezos flaunts the four metre (4-001 tall and seven 
metre (23 fot) wide payload bay. 

The Secret behind the Blue Moon lunar lander 
ists BE7 engine, the latest addon tothe Blue 
OFiin rocket family ts aforementioned siding 
New Shepard uses aBE'3 engine, alqud-hydrogen 
‘nd liquid-oxygen engine that creates a thrust of 
490 kloNewtons (110,000 pounds of force. New 
Shepard is designed to breakthrough the Earth's 
atmosphere, which requies alot of thrust, but 
the Blue Moon lacer ust reqes the thrust for 
inspace rave, as wel as lunar landing, In ths 
‘ase Blue Origin has dalled down the thrust to 
40 klNewtons 10,000 pounds of force). which 
‘minimises the need for fel and inereases the 
avaiable mass for any payload that wil make ts 
jourey to our natural satelite 

The retum to the Moon isnot just an astronautic 
adventure that needs tobe revisited forthe sake 
fit there isso much more potential on the Moon 
that scents and engineers cit realise SO years 
2390. Since then astronomers have identified frozen 
pools of water ice inthe cates around the north 
and south poe. nthe announcement Bezos tated 
that this formerly hidden source could be broken 
and rebuilt create rocket propellant, making ary 
Journey there alot more feasible wth a potential fuel_- 
station at the poles of the Moon 
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ele \v) 
“They're rather like the oscillations inside 
ZB the tube of a flute or trumpet, except that 
: a star is three dimensional" protrim seaaing 
SUPERNOVAE 
DOCUMENTED 


732)28 


COMMANDS EXECUTED 


Astar's internal st 
affects the patterr 
oscillations that we 
see at its surface 


Into the core P 
The speed which waves G 
travel through the core 

reves scompouton | 

and likely age - waves 4 

move faster through " 

higher density materials 

lice helium, e 


Stellar ripples 
Surface-graviy 0 t-mode 
waves ate crested 2 the 
Surface and move across the 
Star be ocean waves. 


Star layers 

‘ust like light waves passing from airto 
‘water, passage from one internal layé 
to.another with different properties 
can deflect, or even reflect waves. 


Kepler's 
‘was to detect 
exoplants 
orbiting 
around 


light ineven 
themost 
advanced 
telescopes, 
‘making 


up-close 
“observations 
difficult 


Music of the stars 


Stellar pressure 
Pressure or p-mode waves are 
most similar to familar sound 
‘waves and are generated by local 
pressure changes 


Rising gas 
Gravity or 
‘pode’ waves 
are generated 
where gravity 
counteracts 
the intemal 
buoyancy of 
rising gs. 


Stellar rotation 

The rotation ofa star's core 
Influences waves passing 
through or near i, creating 
‘oscillation patterns 


distant st 
«ips in thei brighines 
ofthe star. But its highly accurate 


also perfect fr asteroseismology 


influencing a stars brightness and 


nparing them to computer models of stellar 

ok out the attangement 
tes inside the star. 
fom the 


the end of 0 
ue as they start to run 
ce the Sun 
ium in their cores, But ater 2 
billion years the core hydrogen is fully conve 
helium, and the star starts burning the hydrog 
a shell around the core 


B akes up the sory: “When this happens 
the outer part of 
creating a ed 
helium core contr 
hot encugh fer helium to start fusing inzo cart 


Stellar iicert 


yr 


observations from Kepler, amongst other missions, it's now becoming lear that all stars have 
their own regular oscillations - like instruments in an orchestra 


‘Mass: 1.2 solar masses, 
Radius: 21 sola rai 
‘Temperature: 5,500°C (9,932 °F) 


KIC 1026764 has just begun the 
Journey to become a red giant. Its 
relatively high density produces high: 
frequency seismic waves. 
Deep inside the star ies a burnt-out 
‘core of helium surrounded by 
ahydrogen-burning shell that 
‘generates energy. 


those that have sta 
and the 
tell the differ 


ey differen 
giant, in theory shoul ie the size 


radiation 
o expand again, and gro 
se size and density 8 
measurable difference 


mr on observed 


mixed mode 


calculations bu, asin all scence, its vital 


theory by using observations 


that's not quite the end of the story." 
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red giant 
helium in thes 
that have not. From the outside 
but now 


een the two type 


‘Mass: solar mass 


Radius: 5 solar radi 
‘Temperature: 5,000 °C (9,032 °F) 


Comparatively small red giants 
generate relatively high-frequency 
waves - though stil much lower than 
those of subgiants. 


The waves in small red 
slants are also comparatively 
weal with small 
amplitudes. 


which 
turn cut 
the surface ronatlon B 
re of red giant she 


thousands of times t 


1 Kepler data by 
adit 


‘Mase: Around I solar mass 
Radius: 20 solar rai 
‘Temperature: 4,000°C (7232 °F) 


‘Asad giant brightens and swells in 

size, its surface cools because there is 

2 fa larger surface area for energy to 
escape through. 


Selsmic waves in bigger red giants 
are more powerful, bt have lower 
frequencies as they move more slowly 
in the low-density stellar interior. 


han the surface. I 
vid that theoreticians are 
new light on our 


earch? Hard 


igi 


sedding is quick to 


side: Kepler's K 


days each. This has a big advan 


RR Lyrae stat 
Mass: 0.65 solar masses 
Radius: 5 solar radi 
‘Temperature: 6,000°C (10.832 °F) 


Strange giant 
RR Lyrae stars are an unusual 
‘group of hydrogen-rich, low-mass 
slants found mostly in ancient 
slobular clusters. 


Cosmic lighthouse 
‘These stars go through large changes 
In brightness every few hours. but 
Kepler data has helped to explain 
longer-period variations 


“Until now, almost everything we know 
about the lives of stars has come from 
theoretical calculations” prot rim Bedding 


New. 


_ from Oxford University Press 


ENGINEER 
FIRST 


nomy, cosmology and astrophysics titles at OXFORD 
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Explore the full 


= FUTURE TECH The SABRE rocket 


Turbine 
Ramjet ‘gas turbine, running on 
‘The ramet soaks inthe intake a helium hoop recycling 
airleftover from the air: system, powers the 
breathing propulsion system, turbo-compressor 


Nozzle 
Tras for the nozzle began in 
2008 when engineers began 
testing an expansion deflection 
nozzle called STERN. 


A joint ESA and UKSA engine that's able to breathe air 
is set to revolutionise spaceflight as we know it 


Nacelle 

“The rocket’s housing must 
be sturdy enough to keep 
‘everything in place and deal 
with the rapid temperature 
and pressure changes. 


Rocket engine 
After the rocket has passed 


five-times the speed of 
sound, the liquid-propeliant 
rocket engine stage i ignited. 


fficient rockets are the aim of modern 

rocketry as the environment is under 

threat. The price of fuel is constantly 

‘om the rise due to a lack of resources, 
and this could be the answer: the first air-breathing, 
rocket, Recently the European Space Agency (ESA) 
and the United Kingdom Space Agency (UKSA) have 
sgreemt the next major series of tests for Reaction 
Engine Limited's SABRE. 

‘SABRE is an acronym for ‘Synergetic Air 
Breathing Rocket Engine: planned to be able 
to utlise atmospheric ar during the intial 25 
kilometres (16 miles) ofthe rocket's ascent. During 
this period a SABRE rocket could travel up to five- 
times the speed of sound, after which point it 
‘would switch to the pure-rocket mode to make the 
final cimb into sub-orbital spaceflight. 

ESA and the UKSA have invested alot of time 
and money into the SABRE project in the past, 
with UKSA investing £50 milion (approximately, 
'$63 million) and the ESA a further £8.9 milion 
(Ground $11 milion). "The positive conclusion of our 
preliminary design review marks a major milestone 
in SABRE development" comments Mark Ford, 
heading ESA's propulsion engineering section. “It 
confirms the test version of this evolutionary new 
class of engine is ready for implementation” 

The SABRE rocket can be broken down 
into three sections: the pre-cooler front, the 
encore engine and the thruster chamber at 
the rear. The thruster chamber isthe same 
iconic region as on any modern rocket that 
applies the thrust, but the core is what has been 
extensively examined by ESA and UKSA in thelr 
aforementioned tests, The core has to be capable 
of withstanding the pressures of both rocket and. 


The SABRE rocket | il 


Pre-cooler 

The hot intake ar must be 
cooled and made suitable 
to power the rocket. 


Supersonic air intake 
The rocket requires 

the intake of ar when 
traveling over Viee-tmes 
the speed of sound, 


“The test version of 
this revolutionary 
new class of 
engine is ready for 
implementation” 


jeteengine capabilites as it shifts between air 
breathing and rocket-engine modes, 

The pre-cooler is also a pivotal part of SABRE. 
A its name suggests it cools the airit ingests in 
‘order to fuel the rocket i its air-breathing phase. 
{As the air becomes thinner at high altitudes there is 
less et fuel, hence why SABRE must then revert to 
rocket fuel. The pre-cooler has to be able to tame 
air that is coming in at high temperatures because 
ofthe supersonic - and even hypersonic - speeds. 
‘The most recent pre-cooler tests have proven 
very encouraging as it managed to rapidly quench 
airflow that was coming in at 420 degrees Celsius 
(788 degrees Fahrenheit) in a 20th of a second, 

By creating a hybrid between the two aeronautic 
engines the racket can save on the amount of fuel 
itneeds to take, therefore reducing the mass of 
the payload. This has promising aspects not only 
{or suborbital spaceflight, but aso intercontinental 
supersonic travel, theoretically taking passengers, 
from London to Australia in just 4.5 hours. 

“Aas the home of the jt engine, the UK has a 
rich aerospace heritage and world-renowned skills 
and expertise.” says Chris Castell, director of 
programmes at UKSA. “This is an exciting landmark 
for Reaction Engines in the development ofits 
SABRE engine, which could revolutionise both 
‘access to space and international travel by powering 
aircraft to five-times the speed of sound.” 


59 


7 
= | 


2 3 


WASA 


SCIENTISTS 


HAVE THEY MADE 
ALIEN DNA? 


what alien life ht look like, a group of researchers 
> reckon it's what's Sine Tigh really counts 


While scientists _ sci-fi writers have pondered ; 
{ 


am 


Creating Alien DNA 


Alien DNA vs Human DNA 


How does the synthetic hachimoji DNA compare with 
the natural DNA found in your own body? 
Farright top): 
Astrobiologsts ~ 
ng egular DNA 

een studying Human DNA contains four building blocks, 
molecules ‘or chemical bases: adenine (A), cytosine 
and organic {© auanine (6) and thymine (1), These 
‘compounds ‘rossink in pais between two strands ~ 
inspaceto AA with T and with G- coloured here as 

red, yellow, blue and green, 


fructue DNA, with the 


bottom two 
making up 
anadditional 
synthetic pair 
hhachimoji DNA 
Below: 
Pictured in 
1955, Rosalind 
Franklinalso 
contributed to 


“Scientists funded by 
have developed a new 
type of molecular system 


that is able to store and 
transmit information" 


Human DNA 


‘ 
eee 
Perhaps the ages cfference that human 
Gr natural DNAs know to exit ne forms, 
bur the alr’ DNA Ras not been found hee or 
elsewhere. simply pots tothe potetia for 
[ Sig intomationalingrecerts ater than four. 


‘oth the human and ‘alien’ DNA created by NASA. 
funded scientists have a double stranded helix 
structure. The two strands of DNA are antiparallel - 
running in opposite directions ~ making them twist. 


Alien DNA 


Whereas human DNA consists of two pairs of nucleotide buslding 
blocks, this’alen' DNA ~ or hachimojito gives its proper name 
~ has four. When tested with enzymes hachimoji ONA strands 
{translate into hachimoji RNA, allowing instructions to be carried 
‘10 make proteins ~ just lke natural DNA. 


Scientists have 
‘developed new 
synthetic bases 
that they have 
added tothe 
natural DNA bases 
we know exist on 
Earth, inthis image 
these additions 
are coloured 

pink, purple, cyan 
and orange. 


Just as A only pars 
‘with T and C only 
with 6, forming 
hydrogen bonds in 
‘order to form two 
types of base pars, 
so the synthetic 
nucleotide bases are 
explicitly inked. P 
binds with 2 and 
binds with. 


Fass | 


the breakthr 
to reconsider just what the 


when the 
Just what have the 
this important? To answer 

rucial to understand th 


Hentist 


fundamentals of DNA and 


redier 
In mid-March 1 

Francis H. Crick worked out 
model based on an 

by Fran! 


strands of DNA were 
known as a double helix st 
complement 


palis with adenine, and gua 


of further ground 


yur ability to pr 


ald be looking 


earch for extraterrestrial life. But 


done, and why is 
e questions it 
sng-established 
this new molecu 


netic information, and 
sists of ad 
le 


DNAs molec 


P 
ucture, held together by 
hich always hook up 
example, alw 


A previewed the result 
ch that wa 


reported that a team 3 
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Creating Alien DNA 


‘uuyamiu tana “The results constitute an important 
“hic samiuerichuaaieosend OY@akthrough in the efforts to someday 


‘hat is, something which functions ike DN. 


i dierer at sd ot redesign life as we know it” preugene wu 
AUG ond Oanimadesome chmeatewess oweTIeAsrdGwCaranpmefDNA at pete Tas pve be sures 


cut at sic Importantly the 


eather attempts topp 


existing ba 


Arts and Scien Twas matter of 
Indeed, by adding four synthetic nucleotides pair shapes and hye nding pattems from esearchers develope a system that was stable 
identified as PB, Zand S tothe four present i the Watsent-Crick base paus and changing the predictable and programmatle. They can predict 
DNA and RNA the lamer being ribonucleic acid, a —_hycmogen bonding partners without substantially how it will behave at different temperatures and 
large molecule which carries out the instructions altering the shape, explains Wu. who was nat figure a set of rules 
the sconrists successfully created involved in the esearch,“ ned the fur The discavery of four new bases for genetic 
paursrather than two, In other new bases in such a way that they only pau formational strage is really quite clever” says 
their intended partners, and not with other bases, Wu. "Il you could imagine Watson and Crick 
‘Then ts just amatter of chemical synthesis and working out the rules for malang base pais in 
using existing DNA synthesisers to put the ne DDNA in 1953, this would be ike taking those same 
letters into chains ules and just moving the hydiogen bonding 
Benners research project began 30 years partners around 
agp, with the challenge being to reproduce the It immediately begs the questions, could life 
properties we value in living systems but on a contain an alphabet of more than four letters 
molecular platform different to what prebiotic and, iso, why did wend up with A,T, Gand 


? In addition the research results constitute an 


chemistry on Earth has delivere 
The research had two conceptual aims, Fits, portant breakthrough inthe effets ta someday 
it wanted to determine ifalien lle would use the redesign lfe as we know it? 
same core molecules as life on Earth to support Asit stands, Benner tells us that the system 
production, evolution ana adaptation, created in the lab has four of the five feature 
have had an independent origin valued ina biopolymer that can support life "It 
history. Second, it sought to synthesise an stores information ina rule-based, predictable 


Where are we likely to find life? 


Venus Ceres 
Venus is dry and incredibly hot, Ceres isa dwarf planet which lies Europa 
‘making ita very inhospitable planet, Pia ionghedl sear fox he between the orbits of Mars and She creanduceuspea tee 


Dutsome sdemsts suggest t woul Jupiter and sents are ken to 
Tavebeenhabiablemerethan ed lanet harbours fe David covet haste potential fre 
2biionyarsagowhenitwasfar, —BWSewensangaboutit. —“Thevre parila excited because pales than Earths Moot has 
more anperat. Theres even Ceres has water NASA ao found 
there's ret optimism. The past abundance of qu water beneath 
suggestion fe rcreated othe That Eich morgane mater 
: iste of iid wate st thesurfacean.n 2013, NASA 
planerscodletcouds-whichate 4, and contains eral hemi sich 
_ Banat colt clouds wich founda low-volume uid brine — cael detected ay ke mera onthe 
‘ves hope. Semtetshave a9 moons surare. These are sscisted 
tected methane suagestng with onganiematteron Earth 
an active surface 


Jupiter, and while & may bea fraction 
smaller than Earth's Moon, it has 


————- 
Creating Alien DNA fii 


¢ 


Not only does this moon of Saturn 
hhave a giobal salty ocean beneath its 
icy crust thats likely being heated by 
thermal effects, the Cassini-Huygens 

probe in 2008 detected carbon, 
nitrogen, oxygen and hydrogen. 
‘There are also large geysers of water 
vapour atthe south pole. al f which 
are rather exciting 


‘Another one of Saturn's moons and 
the largest of the 62 Titan has a 
thick, chemically ative atmosphere 
wihich is rich in carbon compounds, 
Its therefore one of the most 
Earth-like of worlds and, since it has 
stable liquids onits surface anda 
hydrological cycle, the chance of life 
is one scientists are keen to explore, 


statement on 
the hachimoji 
breakthrough 
‘questions 
whether 
Europamay 
contain life 
which doesn't 
‘useourDNA 


Farleft: 
ANASA 
researcher 
performs 
DNAand RNA 
sequencing on 
iicrobes, but 
havewebeen 
to0 focused 
‘onlooking 
{or what wi 
know: 


fashion . predictable daub 
helices with thermodynamic rules as good as with 
burletter DNA he says. "That information can be 
transfered tooth 
found enzymes that allow the 
letter RNA by transcription of eight etter DN 
He goes on to say that, both directly and 
transfered, the information can confer a selec:able 
phenotype "Here, the selectable phenotype wat 
green fluorescence’ He adds that “the information 
structures, Biche 
election 


Vhachimojt RNA 
As an example, we hat 
hachimoji DNA to bind to breast cancer cel 
liver cancer cells and anthrax toxin. We are nov 
evolving pieces of hachimoji DNA that are adapted 
to selectively cut pr 
for disease 


fentiss can certainly start to think abot th 
ations of elegantly increasing the mu 
DNA bat blocks from four toe 
matically expands the information densi 
id says Professor Michael Jewett of 
tern University, “The fact that the high 
ton crystal structures for this new eight 


6 


“The approach 


described here could 


help bypass the limitations of natural 
translational biochemistry" professor michael Jewett 


What could this mean for the 
future of hunting for life? 


“Itis inadequate to simply speculate about what 
alien life might look lke. It's necessary to go into 
the laboratory with specific, actionable chemical 
structures and see how they perform” 

Steven Benner, distinguished fellow at the 


Foundation for Applied Molecular Evolution 


“This new work will help us to develop effective 
instruments and experiments that will expand the 
‘scope of what we look for” 

Lori Glaze, acting director of NASA's 
Planetary Science Division 


“incorporating a broader understanding of what 
is possible in our instrument design and mission 
concepts will result ina more inclusive and therefore 
‘more effective search for life beyond Earth” 

Mary Voytek. senior scientist for 

astrobiology at NASA headquarters 


“The discovery that DNA with eight nucleotide 
letters is suitable for storing and transmitting 
information Is a breakthrough in our knowledge 
the range of possibilities necessary for life 
Andrew Serazin, president of Templeton 
World Charity Foundation 


letter code used in human DNA adit 
possible many ta pl 
digital DNA‘ 


xpand the ran 
rely on 


the limitations of natural translational 
mntainment and 


for life with Benner sugeesting 
cour understaning ofthe types of molecules that 
might trial life on 
ale 
designs miss 
to search for alien life in the ould it be 
poking for DNA as if DNA is the only biopolymer 
that can support Darwinism? € 
biopolymers support Darwinism, requiring NA 
missions to construct their search strategies more 
broadly” he queries, 
Indeed, according to NASA it raises many 
about the nature and structure of life 
inhospitable nls that would 
prevent ife as we know it on Barth from flourishing 
could see an abundance of different types of life 
forms since i points to thete being a potential for 
alternative genetic systems, Scientists need to be 
alert to the possibility that other worlds do use 
‘our DNA, and they need to work out ways of being 
suggest that 
ip clean diagnostics for 


yi DE 
Creating Alien DNA [iii 


human cleases and open the way for DNA digital needs stad suplyof unique bullding Hock Missions on the 


ould it even be us ste full and proteins that ae only found in the lab. “It must f 5 
i femaan ra Dee consent eee ae hunt for alien life 
a different code comes immediately to mind, Tnany case, the researcher not 
ays Wu. “With eight letters mstead of four, three- calming that this exact system exists in the 
letter codon could Universe, and its ultimately an exercise in 
possible combinations. Even a tw ng what is possible: the beginning ofa la 
‘could code for Bx¢ and something of an awareness campsign. 
same as the existing biological g hat could DNA actually be lke on oth 
But a cell containing a two-codon,eightetter That’ says Wu, “isa much t 
Zul mmpatible sv say that alien life might have 
existing le, even if every singe p eightletter DNA on other worlds” adds Benner 
the same. The first thing that could be done Certainly, iFthe fundamental ie of evolution 
tolincorporate an unnatural amino acid olds tue for other welds, a would 
ino proteins by matching t with a three have to at least be able to stare, ransmi, expres 
codon that uses hachimoji RNA. Even that isa and change information Mars 2020 
biachemical engineering projec The simplest way to da this would be through ‘ 
‘To seek signs of past habitable conditions on 


des teal cosceg i Ss ek Mars and search for signs of microbial if. 


far Benner and his team have: 4 nections between building blo 


mes that copy hachimojt DNA into he says, One could imaging aieciive by Nisa seas Resort Pega 


INA. allowing the tran ly two letters in the genetic alphabet l is sects anieirnextal ines se Beal 
information so that instructions can be car ee eM investigations in 2021.1 wil collect dozens of 
cut within an organism. They havent, ho {hei informational molecules would be very samples of surface soll and rock cores which wil 
ought to take things further by actually cresting rent than DNA and RNA. T's even possible t ‘eventually be ent back to Earth for analysis. 
something that could be self sustaining ~ and informational molecule on another world might 

fears have been expressed thatthe be branched or three dimensional, not just a linear Transiting 

c DNA could leak from the laboratory and polymer. Hard to imagine when we've only got the Exoplanet 

an alarming biohazard, the system actually ne way that worked here Survey Satellite 


Tofind planets outside x 
of ur Solr Sytem, . 
incucing those that = 
may support fe 


TESS launched on 18 April 2018 to search for 
cexoplanets around nearby stars. Acatalogue has Ja 
since been created noting potentially habitable 

planets; the idea i that thelps researchers find 

the most promising candidates. 


Europa Clipper 


To conduct a 
reconnaissance of 
Jupiter's moon Europa 
tocheck for signs it 
could harbour life. 


Due toaunch in 
June 2023, the craft 

will orbit Jupiter and 

study Europa in ight ofthe Galileo probe having 
noted a subsurface ocean, Radar will determine 
the thickness and composition of ts icy shell 


OSIRIS-Rex 


To sample 60 grams 
ofthe asteroid 101955, 
Bennw and eturnit to 
Earth for analysis 


‘Although scientist have beet 
een to study Bennu to understand 
more about how the Solar System has 
formed and evolved, the mission has discovered 
signs of water. t wil ikely offer clues aboutthe 
origins of life on Earth 


Interview Professor Brandon Brown 


APOLLO'S 
BUMPS IN THE 
ROAD TO SPACE 


The ride to the Moon was never a smooth one, but the 
setbacks only made the accomplishment more impressive. 
Brandon Brown tells All About Space about some of the 
challenges that engineers had to overcome 


Interviewed by Lee Cavendish 


{In Apollo Chronicles you talk about Wernher von 
Braun, who previously worked for: many 
{in World War Il. Was there much convincing, 
needed in the United States in order to allow him 
‘to work on rockets in their space program? 

To the best I could find, no. In fact, information 
about hi 


in World War I started coming out 
3 Europe durin 
or the ctest of 
about some oft 
translated to En 
the United States, NASA and the US g 
told him: "Dontt worry about it, k's not going to 
came over here 

From his ist days in A 
surprised by the hospital 


vo Braun Was 


eventual NASA engineers would credit these shaws 


for ealy inspiration, 


At the start of the Apollo program was the 
Apollo I disaster, What impact did that have on. 
the mission at the time? 
Twas shocked winen I got into Ifyou plot out the 
eight years that [former president John F] Kennedy 
‘made the announcement [ta head into space) 
Which shocked many of the engineers, by the way 
to the first successful Moon landing. this came i 


Left: The 
ground-based 
NASA team 
‘celebrates the 
safe touchdown 
‘of Apollo 13 


‘Topright: 
‘Thelaunchof 
Sputnik Tin 
1957sent the 
Soviets into 
Pole position in 
the Space Race 


Far 
(Fomleft 

toright) Gus 
Grissom, Ea 


togotothe 
“Moon in 1961 


1967 when they were ready to start testing the f 
Apollo modules and so on, 

1 was really a shock. It took alot ofthe 
innocence out of NASA and a lot of is vibrant. 
youthful exuberance went away. People realised, as 
‘von Braun said: ‘Now people know wee notin the 
Dasiness of selling shoes" Ifyou have a defective 
soe that's one thing. but a defective capsule can 
kill people. So there was great criticism, 

Inthe immediate aftermath people thought, 

‘Woo, we're not going t achieve Kennedy's goal 
Full stop’ But they [NASA] quickly gathered 
themselves, mace 125 different modifications to that 
‘command module and amazingly, by the end of the 
year, they had put an Apollo modified module up 
into space 


‘Afterwards NASA had great success, up until 
Apollo 13 where an oxygen tank blew up on the 
‘way to the Moon. What role did the ground- 
based engineers have in getting the astronauts 
back to Earth safely? 

‘They were pretty critical to the survival ofthat 
‘mission, It kind of went into round the-clack 
engineer overdrive on Barth once they had the 
accident. There was a key young engineer wha had 
solved several problems for ther I tel the story in 
my book - and he was ust geting out of the shower 
and he got a call érom the main NASA centre 
saying: Hey, wet having al these problems. We 
think we must have some instrument readings that 
ate wrong. because they make no sense’ 

He quickly heard the different sets of data and. 
the told them. "Youre each toa close to your own. 
monitor and if you Took ait all together that 
capsule is dying. We have areal problem: It tooka 
Dit of time to igure out what was actually wrong; 


Professor Brandon Brown 


“Tf you have a defective shoe that's one 
thing, but a defective capsule can kill 
people. There was great criticism" 


they were losing oxygen. So the engineers worked 
around the clock on all sorts of problems. 


Are there examples of engineers fixing problems 
before they became major issues? 
Absolutely. ustrate one in the book where 
fuel tank had shown a flight rupture daring a test 
The more middle-management engineers 
said: "Well most of these tanks are fine. The 
‘company sai this i because someone lft a 
fingerprint on the inside ofthe tank and there 
asa chemical reaction, and that fingerprint led 
to the problem that led to the crack’ Then young 
engineers went and looked at the tank physically 
and said: “That's impossible. Only a monkey could 
set a paw into this tank to leave a fingerprint, The 
company’s wiong™ 

They kept making notse, and due tothe 
very healthy culture of NASA atthe time 
where everyone who had a valid technical point 
was heard out - eventually the higher-level, 
‘older management agreed to run a bunch more 
{anks in a test, and a bunch of them failed 
catastrophically. So ifthe younger engineers hadn't 
‘made this point, thatthe company manufacturing 
the fuel tank were mistaken about the source of the 
problem. they almost assuredly would have last one 
‘of those on an Apollo mission, and that would have 
tbeen deadly ifa little fuel tanke had ruptured on the 


What was the most surprising aspect about the 
Apollo program you found out when writing, 
your book? 
‘What I most remembered is the chaos of 1962. This 
isin the year after Kennedy's announcement, and 
Tas surprised that many engineers had said "It 
was the dumbest thing | had ever heard, the idea of 
going to land on the Moon” 

‘One engineer described it ashe felt like they 
had just barely gotten on their feet lke a toddler 
and now their president was saying we're going 
Torun a marathon in a couple of years. That was 
surprising. Lalways assumed when Kennedy made 
his announcement, all the engineers would have 
been very excited and thought: “Hete we go! We 
have support for this bold mission” But it was a 
litle different from that 


69 


[HONTFORTIFE] 
Why haven't we detected 


Its a puzzle; we do expect these cilisations to 
exist. Afterall, there could be a trilion planets 
Inthe galaxy - maybe more. You don't need any 
special knowledge to consider this question, and 
Te explored it with lots of people over the 
years. 've found they often frame their thinking in 
‘terms ofthe bartiers that would need to be 
‘eared ifa planet isto host a communicative 
ciulistion, They usually identify four key 
barriers, The firsts habitablity - we need a 
terrestrial planet in that ‘Goldilocks zane, where 
water flows asa liquid, 

the creation of ife from non-life 

id barrier, The basic building 


other civilisations? 
Vv 


‘exoplanetary systems. The development of 

‘technological civilisation i a third barrier. Some say 

‘we already share our planet with alien intelligences. 

‘Communication across space - that's a fourth 

barrier. Maybe advanced civilisations choose to 

‘explore inner space rather than outer space, or 

‘engineer at small distances rather than large. 

‘Or maybe they just don’t want to risk an 

‘encounter witha potentially more advanced 

and hostile neighbour, There'll be worlds where, 

for whatever reason, civilsations ether stay 

silent or dort spend long trying 

‘to communicate. 

‘Stephen Webb is a popular science writer. His 
‘books cover a range of topics including 
astrobiology, cosmology, observatories, 


physics and science fiction 


‘Oumuamua’s 
fleeting pass 
didntallow 
much time 
toanalyse 
‘itproperly 


Ask Space 


What exactly is ‘Oumuamua? 


Wie firmly believe it's likey to bea leftover 
archaeological remnant from the proces 
the birth of another planetary sy 


5 a 


plosion as planetary material 


ipernova e 
f got shredded. 
em;some Whatever its, we 


ye its a natural 


celestial driftwood. Some think ‘Oumuamua object, but we cant actually prove that 


formed very close to a star much denser its not something artificial. The colour 
than our own, and the star's tidal forces the strange shape and the tumbling 
shredded planetary material early in the motion could have other explanations, While 


stellar system's history. Others suggest that _ we don't believe this is alien technology, wih 
maybe this is something that for 


ed during not do the obvious experiment and search, 


the death throes ofa star, pethaps duringa fora radio signal? That’s exactly what the 


SPACE EXPLORATION 


Iucalthrough Listen projet bt of 
‘Oumar has reaned completely ui. 

Could we senda caf tOumtamua and 
ve do actualy have the ectnology bat 
would bea lng and expensive voyage, and 
we would get ofr rom the Sun tat he 
fal tectry woul be il 

a Karen 1-Meech isan astronomer 


at the University of Hawaii 


N 


Why should we 
colonise other worlds? 


Vv 


About 12 years ago, I gave 2 TED talk on ‘10 ways the world could 
end suddenly’ We are incredibly vulnerable fo the whims of our 
own galaxy. A single lage asteroid could take us out forever. To 
survive we have to reach beyond the home planet, Think what 
a tragedy it would be if all that humans have accomplished was 
‘suddenly obliterated 

‘And there's another reason we should go: exploration isin our 
DNA, 2 million years ago humans evolved in Africa, then slowly 
but surely spread out across the entire planet hy reaching into the 
Wilderness that was beyond thelr horizons. This stuf Is inside 
us, And they prospered doing that. Some of the greatest advances in 
civilisation and technology came because we explored 

Think for a moment what we had when John F. Kennedy told us 
we would put 3 human on the Moon. He excited an entire generation 
{o dream, Think how inspired we will be o see alanding on 
‘Mars. Perhaps then we will look back at Earth and see that we are 
ne people instead of many, and perhaps then we will look back at 


Bteegae a ieee 
& Poa enees 


‘Stephen Petranek is an award-winning journalist 


Dennis Tito, an American engineer, 
was the first man to selffund a 


trip into space in 2001, He spent 
almost eight days in Earth 
‘orbit aboard the ISS. 


SPACEEXP 
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What is antimatter, and 
how could it help travel 
around the universe? 

Vv 


In the 1700s we built the chronometer that alowed us to travel the 
seas, In the 1900s the Wright brothers developed flight and allowed. 
us to master the skies. If we really want to explore beyond our Solar 
system, we're going to have to come up with a new tool 

Antimatter was first predicted by Paul Dirac. He was struggling 
with two relatively new concepts: special relativity, which describes 
life at really high speeds and the speed of light, and quantum. 
‘mechanics, which describes the world of atoms and molecules. When 
he was solving this relativistic quantum mechanics equation he came 
‘out with two answers, a positive energy and a negative energy from 
these particles, the negative being antimatter. 

{An interesting characteristic of antimatter is annihilation If you 
have an antimatter particle and a matter particle and they get close 
enough together, they'll both disappear and turn into pure energy. In 
fact, ifyou had a gram of antimatter, it would have the same amount 
of energy as a 80 kilotonne nuclear weapon. Not only does antimatter 


fei have incredible promise as a fuel for spacecraft, but this has 


some pretty significant applications in the future of energy. 
‘Ryan Weed is the CEO of Positron Dynamics 


There ae actually many ways to find planets, several 
different ways, but the one that 'm most focused on is 
how we can open a gateway so that in the Future, we can 
find hundreds of Earths. We have a real shot at finding 
signs of if, and actually, finished leading a two-year 
project in this very special phase of a concept we call 
the starshade: 

‘The starshade is a very specially shaped screen, and 
the goal isto fly that starshade soit blocks out the 
light ofa star so thatthe telescope can see the planets 
directly. It's shaped like a giant flower, and the concept is, 
that a starshade and telescope could launch together, with 
the petals unfusling from the stowed position, The 


How will we find planets that support life? 
VY 


‘central truss would expand, with the petals snapping 
into place. This has to be made very precisely, literally 
the petals to microns, and they have to deplay to 
millimetres. This whole structure would have to fy ter 
‘of thousands of kilometres away from the telescope. Its 
about tens of metres in diameter. 
The goal is to block out the starlight to incredible 
precision so that weld be able to see the planets 
directly. And it has to be a very special shape because 
of the physics of defraction 
Sara Seager is a professor at the 
‘Massachusetts Institute of Technology (MIT) 
and is trying to hunt down Earth’s twin 


What can we learn from near-Earth asteroids? 


In 2013, a small asteroid exploded over the ty of 
Chelyabinsk, Russia. That object was about 19 metres (62 
feet) across, or about as big as a store. Objects of this size 
hit the Earth every 50 years or so. 

{66 milion years ago, a much larger object ht the 
arth, causing a massive extinction. 75 per cent of, 
plant and animal species were lost, including, sadly. the 
‘dinosaurs. That object was about ten kilometres (si 
smiles) across, and ten kilometres (six miles) is roughly the 


cruising altitude of a [Boeing] 747 et So the next time 
youre in an aeroplane, snag a window seat, look out and. 
Imagine a rock so enormous that resting on the ground it 
just grazes your wingtip. I's so wide that it takes your 
plane one full minute to fly past i: That’ the sizeof the 
asteroid that hit the Earth 

has only been within my lifetime that asteroids have 
been considered a credible threat to our planet, And since 
then, there's been a focused effort underway to discover 
and catalogue these objects, This is our responsiblity f 
‘we found a hazardous asteroid with significant early 


Warning, we could nudge it out ofthe way. Uni 
‘earthquakes, hurricanes or volcanic eruptions, an asteroid 
Jimpact can be precisely predicted and prevented. What 
We need to do niow is map near-Earth space, We must 
keep searching the sky. 
Carrie Nugent is part of NASA’s NEOWISE. 
‘mission, currently searching for asteroids 


ne 
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([ifoNT FOR FE | 
Where is the best place to search for life 


in our Solar System? 
VY 


‘As we move out into the Solar System, there's an under‘the-ice-crust ocean. The Galileo mission 
the tiny moon Enceladus. This snot in what we told us that, but we never saw any plumes. But we 
call he rational habitable zone this area didnt ook for them, 
around the Sun, This object shouldbe ice over a Hubble, just a couple of years ago, observing 
sllcate core. Europa, saw plumes of water spraying fom the 
Wel, we believe because it has water and has _cracks nthe southern hemisphere, exactly ike 
hadi for a significant period of time. and we Enceladus. These moons, which are nt in what 
boeteve it has Hydrothermal vents with perhaps the we calla tational habitable zone, that are Sutin 
right organic material iis place where life could the Solar System, have liquid water. And if there 
exist And not ust microbial- maybe more complex. are organics there, there may be if. 
because it'shad time to evolve James Green is NASA‘ chef scientist 
“Another moon, very iil, Europa. Galleo and has been with the organisation 
Visited Jupiter's system in 1996 and made fabulous since 1980, contributing to many 
observations of Europa. Europa, we also know, has ‘of NASA's most amazing missions 


Did 
you know? 


Enceladus is the sth-la 
Saturnian moon. The k 
‘eruptions provide material 
eds Satu 
Eni 


Enceladus 
‘eruptions 
indicated 10 
that there could 
be subsurface 
water 
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\ ESSENTIAL GUIDES AND ADVICE FOR AMATEUR ASTRONOMERS 


In this issue... 


What's in the sky? 
‘Summer brings plenty of new 
targets, if youite prepared to 
stay up late 


Planets on display 
Satur is passed by a partial 
Junar eclipse this month, a 
seat astophotography target 


Moon tour 
Find the spot where Apollo 115 
Lunar Module, Eagle, touched 
down halfa century ago 


Naked eye and 
binocular targets 
Find the star that willie atthe 
pole in7000 yea 


How to... Observe 
noctilucent clouds 

See a beautiful phenomenon. 
that lights up late-night clouds 


Deep sky challenge 
Spy on the stunning gems of 
‘Sagittarius and Scorpius -3 
range of clusters and nebulae 


‘The Northern 
Hemisphere 
selection of bright and faint 
targets litter the sky 


Astrophotos 
ofthe month 

The best of our readers 
excellent astrophotography 


Telescope review 
Is the Vinen BTSIS-A the ight 
It for you Weve tested itn 
your behalf 


Inthe Shops 
‘ur pick ofthe best books, 
apps software and accessories 
for astronomy and space fans 
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What's in 
the sky? 


JUN 23 @) 


The Ophiuchids reach June solstice ‘The Lagoon Nebula, 

their peak of five (Messier 8) is well 

meteors per hour placed for observation. 
in Sagittarius 


1 @ 1 ®@ 


Globular cluster Open star cluster 
Messier 22 is well 1C 4756 is well placed 
placed for observation for observation 

in Sagittarius inSerpens 


JUL 4®@ 


‘Total solar eclipse visible from Argentina, Chile, The Earth is at its 
Pitcaim Islands, Uruguay, Brazil, French Polynesia, furthest point from 
Paraguay, Bolivia, Peru, Falkland Islands, Cook the Sun 

Islands, Ecuador, Kiribati and Colombia 


4@ R® 


Dwarf planet Pk The Capricomnids reach Conjunction between 
Peaches opeesitenin thelr peak of five the Moon and Saturn 
Scaltarue’gowingst Meteors per hour in Sagittarius 
magnitude 14.5 


Jargon buster 


Conjunction 


nis anal 
ngitude. The 


‘ofthe Earth, 


s. 


‘The Capricornids will 
reach their peak of five 
meteors per hour 


‘The Moon and Pluto 
make a cose approach 
passing within 0°02’ of 
teach other in Sagittarius 


ne Earth rotate 


‘oni axis, wi 
haut the night. 


Mercury is at greatest 
elongation east, shining 
brighty at magnitude 
0.4 in Gemini 


2. 


Asteroid 18 Melpomene 
{swell placed for 
‘observation in Scutum 


‘Saturn is well placed 
for observation in the 
constellation Sagittarius 
at magnitude 0.1 


16 


Partial lunar eclipse 
Visible in Africa, Asia, 
Europe, South America 
and Australia 


Declination (Dec) 
This tells you how high an object wil rise inthe sk 
Like Earth's latitude, Dec measures north and south. 
minutes and areseconds 
ids in an arcminute and there 
in a degree 


29 


Open star cluster NGC 
£6633 s wel placed for 
observation in Ophiuchus 


Conjunction between 
the Moon and Jupiter 
in Ophiuchus 


<D Naked eye 

OD Binoculars 

°F Small telescope 

“3 Medium telescope 
Lange telescope 


Opposition 
ena celestial body iin ine with the Earth and 
Sun. Dung op 
wh 
this pint ints orbit the celestial objects cosest to 
and brighter. 


Greatest elongation 
When the inner planets, Mer 
their maximum distance from the Sun. During 
elongation, the inner planets can be observed as 
evening starsat greatest eastern elongations and as 
‘morning stars during westemelongations 


P> rodromeds 


ae 


Hae 
Planetarium ....,.. : 
a 


Eridanus 


comes od 


MORNING SKY 


Moon calendar 


JUN JUN JUN JUN 
926 865 791 70.6 

Nee Pe ee EL 0731_ 23:46 00:15 09:39 | 00:39 w10:45 

JUN JUN JUN JUN JUN JUN JUN 

614 516 417 319 2.6 14.2 73 


01:00 wrist |mors wi257 |mor36 w14:04 |morss W512 _|m@0214 1623 |@02:37 1736 |M03:05 18:51 


03:40 20:03 | 04:25 21:09 | 05:23 22.06 | @06:33 22:51 | M0752 W23:27 | M0914 ~W2356 |@1036 w-~ 


419 53.6 649) 75.2! 84.0 gut 96.2 
00:20 11:57 | 00:43 @ 13:16 |w0104 14:34 |WO126 15:50 |wOrS! #1704 |wO219 w1815 | wO253 


Illumination Full Moon 


JUL JUL JUL JUL Moonrise time New Moon 
‘Moonset time First quarter 
99.2 100: 987 Last quarter 


20:18 | 04:24 m21:06 | W05:20 21:45 | 06:22 m 2217 


All figure ae given fo 00h at midnight (local times for London, UK) 
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What's in the sky? 
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This month's planets 


Satur is passed by a partial lunar eclipse this month, while other 
members of the Solar System are a challenge - even through a telescope 


OPHIUCHUS 
AQUILA, 
SERPENS 
EQUULEUS ScuTUM 


SAGITTARIUS 


CAPRICORNUS 


SE 
(00:00 BST on 25 June 


18 of 15 July there wil be 


Some experienced sky-watchers and planetspotters _ I's because Saturn is going to keen some very cf our planet. On 
and ast 


ee interesting company this month, For a sta 
spotthis Tune and July Saturn is geing to be shinun 


I be less than eight 


3 ot brighter 
ringed 


ted, jithe- 
Throughon 


ray from it until we lose it yea 
Tvl Saturn is going to photobomt a major shadow: After that mote and mexe of the bright cic 
rom that shadow until the eclipse ends 


stronomical event that 


Tooking up atthe heavens at midnight 


This month's planets | 


Constellation: Gemini 
‘Magnitude: 04 
‘AM/PM: PM 

‘This wont bea brilliant month 
secing the lasest planet to the 
but if youre patient 


ind careful 


eats 


wnw 


J socans 


Constellation: Genin! 
‘Magnitude: 18 

AMYPM: PM 

Mars willbe achallenging abject 
this month t say the least. For a 


start will already be very low in the 


\ PeRseu! 
\ PERSEUS 


Constellation: Aries 
‘Magnitude: 5° 

AM/PM: AM, 

Uranus will not be rising inthe east 
until around 02.00, when the sky is 
alrearly star 


i to lighten again after 


you should manage i. Mercury isan 
‘evening abject, already low in the 
novthwestaftet sunset. You might 
reed a pair of binoculars to pick it 
out against the sky, even as twilight 


AURIGA 


northeastern sky after sunset, Shining 
if that’s the right word to use -at 

just magnitude L8, barely brighter 
than Polaris, the Pole Star, it wll be 
too faint for most pe 
the naked eye 


with 


its short spel of relative dates, 
Youll definitely need atleast a pair of 
binocular to see it and even then it 
wll ust look like a faint star before 
the approach of dawn washes its fant 
light fom the sky 


Constellation: Tats 
Magnitude: 39) 

AM/PM: AM 

Vers i technically a morning object, 
and you would think from locking 

a that ime 


ive magnitude of 39 


ea 
\(‘sereens\v 
scurum 


sacrTans 
Sees , 


SE 


Constellation: (phiuchus 


Magnitude: 25 
AM/PM: PM 
The largest planet in our Solar System 


1s visible asa blue-white Star low 


tat it would be blazing in the sky, but 
that's rather misleading: by mid-June 
Venus isso close tothe Sun in the sky 
that twill be too close for al but the 

eienced planetary observers 


f 


SSE 


starts to darken after sunset, and by 
midnight is avery string object 
above the southern herizan, brighter 
than ay other stars or objects around 
it-nciading nearby ruddy ued 
Antates, brightest star of Scorpius, 


aquanws } 


Constellation: Aquarius 


Magnitude: 79 
AMY/PME ‘0 

Neptune is much too faint to see with 
the naked eye. A telescope will reveal 


its small dsc, but youll need a lot of 


| Piscis AUSTRINUS 
, 


IF you really want 10 
track it down in rmidJune Neprune 
willie in the east at around 01.00, 
and by mi-July will be ising an hour 
cali, but its fant light will be lost a 
soon as the sky begins fo brighten, 


aL 


a 
: 
5 
i 


Top tip! 
ae 
Be 


of Tranquillity Oy 


Celebrate Apollo 11's 50th ihe by finding the 
Eagle's landing site in the most famous sea‘on the Moon 


Ieseems almost impossible to believe it and hills peppered with many eraters from the aaa where the Eagle 
9, but as this r ik ‘would land less than two yeas ate, the Moon wil be wanin 
About Space hits the shelve r r As th i D Tranquil will 
halfa century since thefist humans M « et anniversary of Eagle landing and looks will vanish fiom view on 24 June as 
walked on the Moon. 5 side ofthe Me f back attheamazing, the terminator sweeps over it, Hunging 
uly 1969, wit the world tothe south Apollo program, Ww itinto darkness, and wont rapes 
and with their crewmate Michael ‘Sea of Serenity and tothe north ay sthere to join in with the unt around 6 July when the Moon is 
Collins biting the Moon high abex smaller seas of Mare Nectar and ations than to actually look atthe 
them, Neil Armstrong and Bu: ‘Mare Fecuncitais. In contrast to those ‘of Tranquility on the Mcon on the the actual date of the anniversary, the 
stalfully guided the Apolo lunar seas around, which appear ack Gate ofthe anniversary? Luckily, ining Tranquility -and the Apollo IL 
edule, Eagle, down o the surface and biack grey when photographed, it isnt had atallJust look atthe Tnnding site — will be Fully urinated 
‘ofthe Moon. After a tense few lst high-esolution images of Mare bn anty night beween first quater a al night. You wort see 
moments of flying law avera boulder Tranquiliatis show ithas a strongblue phase and jus after full Meon and rin though your binoculars 
field in search of safe landing ste tint which we now know isthe result youll beable o spot tasa dark patch telescape. and you certainly wart 
they finaly se thelr spindly ofits basaltic lava having. bigher metal inthe centresight area of the Moon's the Stars and Stripes flag that 
ent than thar ofits neighbour mottled face as Eagle lifted aff the Moon, but 
fone ofthe Moon's poll Es Faglehunar module wa you wil se the histonc area ofthe 
which areof course not not the fist spacecraft to reach Moon wi as made 
ave here on Eth, stil ea In February 1965 the century ago 
Ranger 8 probe crashed into it and > will be abl to-200m in on the landing 
P but not before sending auea and im: 


hack over 2000 priceless images of 
the Moon in the last 23 minutes ofits Alin as they guided their fragile 
mon ther fist ‘missin. In September 1967, more R taceeraft dawn to Tranquility Bs 
Moor maps in 1651 by early kana than a yea before the crew of W ed by milions staring at 
ogsaphers Grimaldi and Reco the Became the ist human wg black-and-white TV screen 


Tranquility asm, dark beings teach the Moon the Survey / i, Amst 


vn on the Sea of {eke his ‘one smal step for man, on 
es (6 miles) ant leap for mankine 


STARGAZER | 
Naked eye targets, 


The summer Milky Way offers a plethora of targets 


Deneb (Alpha Cygri) 
{At magnitude 1.25 Deneb isthe 
‘9th-brightest star inthe sky. A 
biue awh supergiant more than 
100-times wider than the Sun, it “ 
is between 55,000 and 200,000. 
times more luminous than our own 
ar. Ie will become the Pole Star 


Messier 13 . 
[Also known asthe ‘Great Globular in Hercules, M35 
{an enormous cluster of stars 145 light yeas wide and. 
22,200 light years away. This ancient star cluster, 


‘hich looks ike an out-of focus star in binoculars, 


Cygnus X 

Look below Deneb andyout 

see what look ke long. 
| misty ‘cloud tothe naked 
‘ye. Through binocars ths 
isreveaied tobe ahaze of 


Scutumn St# Cloud 
Hanging low in the 
southern sky after 
midnight, the Scutum Star 
‘Cloud looks lke a smal, 
misty puff of cloud tothe 


‘of stars with a brighter 
star cluster, Messier I, 
‘embedded within it. 


untless millions of stars, * 
looking like diamond dust 


Messier 4 
‘Look just to the right of the ruddy-red star 
Antares and you'l see a smudge of ight out 

pi the comer of your eye. This is the ancient 
Nslobular star cluster Messier 4. tis 7,200 light. 
‘years away and is more than 12 billon years old. 


'STARGAZER 


How to... 


Observe 
noctilucent clouds 


Just because it doesn't really get dark during the summer months 
doesn't mean there's nothing to look at in the night sky. After 
midnight you might see a beautiful sight low in the north 


You'll need: “ le i ng them op. 
w Dark observing site i asintnomy, Alvey 
with no light pollution rting nocthice can art of th 
Clear view to the north 
with a low horizon peti ous that ik n more if your northern 
© DSLR camera and = Sect x aacence fc and flat. 
tripod (optional) : eer 
Binoculars (optional) a 


‘on the ground ts ry 
Tingers and 


oningitmitetaens ses "The Summer months are the 
dover ran Ce only time we can see one of 


Observe noctilucent ra | 


The activity is difficult to predict - here's how to make the most of their appearance 


Unlike auroral activity, NLC activity is ver 
predict I's possible to get a hint 

‘might happen on any given might by To 
conditions in the upper atmos 


can show activity and north acin 
ving NLC is one of t 
omy where you 
and go and have 


remaining ares [Send your photos 


“| space@spaceanswers.com 


“| Get the best location —) Look to the north 


tivity lowin the north around midnight on cleat 
s Be prepared to be out all night 


) Check out social media Look for streaks above the horizon 
) Monitoring social media for NLC activity alerts will stop you from missing UL plage tes dr 2s ay Wide Ll Sb Ly orale 
F beautiful display visible from 1 horizon, Binoculars will help you 


Capture with a DSLR 
ISLR camera ona tripod with a wide-arle lens to photograph 
ILC displays. Take exposures several secands long 


[[ Look out for brightening 
= na display if teat 


to fade it mia mand burst 


he sky! 
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‘Lagoon Nebula (Messier 8) 


Stellar treasures of the 
Archer and Scorpion 


Summer skies are stuffed full of amazing objects for 
your telescope - if youre prepared to stay up late 


NGc6ss3 


Sagittarius © 


STARGAZER 
Deep sky challenge 


] Ptolemy's Cluster (Messier 7) 


Butterfly Cluster (Messier 6) 
This is another great chaser fora smal 
around 1001 
majority of the stats within this open chi 
young, ble star 


NGC 6553 


Lagoon Nebulla (Messier 8) 


smission nebula 


ore Nebula (Messier 20) 


sion and 


luster. Th 


Messier 21 
Tightly packed, ths open cluster isbe 
t medium larger aperture 


scope. Messier 21 consists mainly of small, fine stars 
i 


+ 
Ptolemy's Cluster (Messier 7) 


he Northen 
emusphere 


Bright- to faint-magnitude targets are on offer this July 
for astronomers armed with the right equipment 


‘The constellations of Lyra, Aquila, Hercules, Sagittarius, Scorpius and 
COphiuchus are in easy reach this month. What's mote, these star patterns are 
packed with night-sky objects Fans of tight-knit globular sta clusters should 
turn their attention to Ophiuchus and Hercules, where they will be rewarded 
‘with sights of stellarrich Messier 10, Messier 12. Messier 13, Messier 1 and 
‘Messier 92. Meanwhile astrophotographers will get great enjoyment from the 
banary star system Rho Ophiucht in Ophauchos, which is surrounded with a 
red emission nebula and very impressive light- and daci-brown dust lanes, 
(Cygnus is another goldmine, with the Veil Nebula, Fireworks Galaxy and 
the Crescent Nebula being excellent choices for observation in particulat 


‘This chart is for use at 10pm (BST) 
‘mid-month and is set for 52" latitude 


fp Hold the chart above your 
© head with the bottom of the 
page in front of you. 


) Face south and notice 
© hat north on the chart 
is behind you. 


HR) The constellations on the chart 
© strould now match what you 
see inthe sky. 


® Sirius (1.4) 
* -05t000 
* 00t005 
* 051010 
# 10to15 
= 151020 
+ 201025 
+ 25t030 
+ 3.01035 
3504.0 
401045 
Fainter 


Open star clusters 

Globular star clusters 

Bright diffuse nebulae 

Planetary nebulae Feat inate 


Galaxies appears an 16 July 2019 at 
= approximately opm (BST) 


STARGAZER 
‘he Northern Hemisphere 


SnvuVoRWY 


3% 
, od , BY Saturn Nebula (NGC7009) 
son 2 
quit . a 
“tag 


yyerte® 


‘SOUTH ‘Rho Ophinchi cloud complex 


Loe el ofthe month ~ 


Send your astrophotography images to - 
space@spaceanswers.com for a chance 
to,see them featured in All About Space 


peat Jersey, United States 
Telescope: 
rion £080 
“ve always loved space, so this was a great hobby to 
get into. It's pretty challenging at times, but when | 
{get results lke these I can't complain. My equipment 
consists of an Orion ED8O, a Sirius EQ-G mount, a Canon, “ : 
141 DSLR and Pixinsight for post-processing, Ive also employed the use of ew as i (> Thie Reade aid Sout Nebula 
Felescopenet's T20 mount in Mayhil, New Mexico =. % : ‘ ot * ic1805) 


Matt Robinson 
Sunderland, UK 
Telescope: 
Sky-Watcher Heritage-B0P 
“Ihave been an amateur 


je tarted volunteering at Kielder 

in the Northumbernd 
Intemational Dark Sky Pak. | shot these 
noctlucent lus using a Canon 11000 
‘camera on a30-second exposure from 
Sunderland in July. fel extremely excited 
wen tok this because realy captured 
the detalland colour vibrancy nthe display; 
it was an absolutely breathtaking display and 
ow I ake images whenever Ian 


Your astrophotography, 


STARGAZER 


Andy Milner 

King’s ty, Norfolk 

Telescope: 

Sky-Watcher 

xplorer200P 

Maksutov-Cassegrain 

“ve always been 

XB intrigued by the night 

sky, and decided it was about time | got 
a telescope. I's been a great journey 
50 far ~ ve made many friends and 
gained a huge amount of experience. 
{ama committee member of my loca 
astronomy society and help administrate 
‘online astronomy forums such 25 
‘Astronomy For Beginners (A48). 

My main passion is astrophotography, 
and Ihave bu up a large range of 
accessories. These images ae ether 
taken with my Canon OOD DSLR, or 
with a high-FPS planetary camera” 


Comet Lovejoy (/2014 02) 


‘The Pleiades (M45) 


- . # 
Send your photos to... 


@spaceanswers 


space@spaceanswers.com 


STARGAZER 
Vixen BT81S-A 


This advanced binocular-design instrument allows you to set your 
sights on the night sky - using both eyes 


Telescope 
advice 


‘Cost: £799)81,019 
‘From: Opticron 

‘Type: inocula telescope 
‘Aperture: 319 

Focal length: 1890" 


Q renee 
Queries 


Granted, the Vixen BTSIS-A doesn't look like your 
standard telescope, In our view though, having 
‘two tubes to observe the universe isa massive 
plus, given that this telescope binocular doessrt 
unch over a single eyepiece to peer 

at the cosmos, With an aperture of just over three 
Inches we have the observing capabilities of a small 
telescope, giving us the option to gaze at a variety 
(of targets fiom Solar System objects to the brighter 
deep sky targets such as nebulae and star lu 

Unpacking the BTSIS-A, we were immediately 
impressed with its quality, which is extremely 
sturdy and boasts resilience for many observing 
sessions, For the price. this binocular telescape 
doesnt come with mucin the way af accessories, 
‘Buyers are supplied with two high-quality 25mm 
Vixen NLV series eyepieces fo get them started 
with touring the might sky, but what's really needed 

due tits 41 Kilogram weight ~is a tripod to 
achieve steady viewing, This essential piece of kit 
along with afinderscope, needs to be purchased. 
separately to get the most cut of the BTSISA 
Thamiks to the presence of a versatile Vixen dovetail 
fiting, the binocular telescope can accept either at 
‘equatorial or an altazimuth mount, We also noted 
the carry handle found atthe top ofthe binocular 
telescope barrels, which improved the instrument's 
portability allowing us fo transport it toa wide 
variety of darksite locations, It also proved to be 
Invaluable for ataching the BTBIS-A to tripod as 
well as unpacking and packing the device away 
after a night of observing 

Atlaching the binocular telescope to an in-house 
‘equatorial mount, it wasnt long before we were 


requ you to 


‘comfortably touring the night sky. Added comfort 
‘was had due to the 45-degree angle ofthe versatile 
125° eyepiece holders, which are orientated in 
such a way that We didnt need to stoop down - as 
‘you would with a telescope ~ in order to study the 
night sky. The eyepiece holders employ a push: 
fit mechanism witha hong screw to keep the 
eyepieces secure. Given the excellent design of this 
device, we did expect more in the way of holding 
the eyepieces in place but since they were secure 
with no slippage or wobbling this s realy just a 
minor pont 
The BISIS.A provides a wide field of view of 
about 35 degrees when used with a pair of 40mm 
evepieces, which we plugged into the eyepiece 
holders. Given the generosity ofthe fell of 
Viet, we got stuck into observing the Messier 
53,a tight ball of ligt with its member 
stars appearing 
Coma Berenices, Meanwhile, Messier 84 
appeared asa ball of coton wool alongside 
other elliptical galaxies in the constellation of 
Vingo, Viewing conditions were not favourable 
during our initial review of the BTSIS-A as, 
thick clouds took over the night sky, and asa 
result we had to wait to take in views of the 
Moon and Venus. 
That evening arived soon enough, and 
‘what we saw as soon as we put our eyes to the 
‘eyepleces was heyond spectacular. The Moon fitted 
comfortably in our field of view and was clear 
and crisp through 1Omm eyepieces, with no sign 


steady, bright points in 


‘Above: 
‘The BTSISA 
iscapable of 
providing 
views ofa 
wide selection 
of Solar 
System and 
deep-sky 
objects 


Left: 
The 
Instrument 
employs 

a pustrfit 
mechanism 
with 3 holding 
scxew tokeep 
125" eyepieces 


Right: 
Thankstoa 
magnesium 
fluoride 
coatingon 
the lenses 
chromatic 
aberration 
was kept toa 


"The BT81S-A is more suited to 
wide-field deep-sky objects such as bright 
galaxies, star clusters and double stars” 
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WIN — 


ASTRONOMY KIT FREE 


ALL ABOUT 
Courtesy of Hama UK and Meade SPACE ANNUAL 


Instruments Ltd, we've got two FOR EVERY 

telescopes and a spotting scope worth Hf ero — 

over £1000 to give away from the mysteries of net mater 
maf 


Meade LightBridge 
Mini 114 


‘The ultimate grab-and-go 
telescope, it provides the same 
high-quality standards ofthe 
‘original truss-tube Dobsonian 
models but in a portable form. 
“The Meade LightBridge Mini 
114 offers magnificent views of 
planets, nebulae, star clusters 
‘and galaxies thanks to its 
‘excelent light-gathering ability 


Meade ETX90 Observer 
Get stuck into astronomy 

with the ETX90 Observer 

This automated and portable 
telescope provides exquisite jh fascinating fact 
views of a menagerie of night: < tuning ilustration 
sky objects ~ from the Solar 

‘System to galaxies and nebulae 
thanks tits exquisite Maksutov- 
Cassegrain optical design with 
‘extraordinary contrast 


_ Meade Wilderness 
20-6080 spotting scope 
Featuring high-index Bak-4 
prisms as well as high-quality 
precision lenses finished with 
layers of anti-teflection coating 
{or optimal performance, the 
Meade Wilderness is ideal for 
those who enjoy nothing more 
than dabbling in everything from 


‘E 


bird-watching to observing the 
night sky 


To be in with a chance of 
winning, all you have to do is 
answer this question: 


A: Leo 
B: Coma Berenices Z Enter via email at 
space@spaceanswers.com or by post to saisalsGlsc paginas 
Lene : futureple.com/ABK2090. 


eta a ao ebook AAS %20 
: . AnnualVol6SH.pat 


¢: Virgo 


oe es 
qe BS ee 35 


For great savings on all of our magazines, see the entire range online 


my magazines.co.uk/summer192 


'staRGAZER! 
In the shop 


Mini telescope 

Sky-Watcher Infinity-76P 

Cost: £45 approx. $57) 

From: Royal Observatory Greenwich 

Designed to entertain and inspire young minds 
the Sky- Watcher Infinity 76P telescope is an 

ideal beginners telescope, especialy for children 
Featuring aspherical technalogy whichis housed 
inside the telescope, tis 

{or larger and more expensive telescopes, The 
primary miror is designed to bringin the light rays 
of a common focal plane, resulting in intricate and 
Sharp images which are fll of deta 

"This grab-and-go instrument features an 
‘eyepiece with x30 magnification, a 76nmn 
eee pt aod ovary tn ale 
top cradle for stable viewing from the comfort 
of your awn home. 

‘The telescope is almost ready to go straight fom 
the box for even the most impatient ts intutive 
rmanoeuvrablity makes it inerecibly user friendly to 
explore the universe to your hearts content. 


och is usualy reserved 


The latest books, apps, software, tech and 
accessories for space and astronomy fans alike 


Book 

Cosmic Discovery 

Cost £3499 (4435) 

rom: Cambridge University Press 

Martin Hart's influential book, Cosmic Discovery 

is rereleased after more than 35 years, with anew 
preface writen by the author. The work chronicles the 
2sttonomical discoveries upto the Iate20th century 

and draws conclusions that major discoveries have often 
been unexpected, unrelated to prevailing astonomical 
theories and made by outsiders fon other fields One 
‘tend alone seems to preval: major discoveries follow 
majo technological innovation in observational 
insttuments. The author also examines discovery in 
terms of politcal. financial and sociological contents 
{cluding the role of industry and the rity in 
enabling new technologies and methods of funding 
‘The challenges encountered in astronomy in the 1980: 
ate rematkably similar to those astronomers face today 
Difficulties persis in cortolling recurrent cost overun 
on planned missions and in confronting mounting cost 
tn developing observatories for detecting gravitational 
‘waves high-enemry cosmic rays and particle tha might 
explain dak rater 


Book 
Apollo 1: The Inside Story 
Cost: 1579 appx. $20) 
From: ion Books 
50 years ao nly 1962 Apolo became the ist 
mained econ tole oo the Mot, ae Ne 
Asti te ie tn slp its seat 
fn the most chr: book rt were ae 
pole, David Wirishouse eve tre drain 
behind the mission tling the story inthe words 
ofthe eho foc part teeed wound exe 
interviews with the Key layers 

rtigcnalig booe whe ust che eat 
Tent pce the cA cae 
the Soviet launch ofthe ft satelite Spur 
fro the ceo pt te fa penn 
through Present Kennedys enthiar and inter 
isi te trent int Gea 8 

in cokéxaton of the Sot Anniver eres the 
sory ald by the crew of Apel ae the many 
sit astenats Win paved tha way or fled 
Thao afer fat wa yal ct cen, 
Nel Armstong alongside Bz Aldrin and Mico! 
Calin Astronauts engineers poliians NASA 
offic Soviet vale al el te own sry of 


STARGAZER 
In the ce | | 


oogle 
Many of us will have spent hours online on Google 
Maps or Google Earth, perusing satellite imagery 
of our planet or driving dawn toads all over Earth 
‘via Google's camera car. However, Google hasnt 
only been looking down - it's looked up too, and 
the result is Google Sky. Accessible via the Google 
Earth website ard downloadable asan app with 
augmented reality capabilites on Android phones, 
Google Sky lets you wander around the universe 
in the same manner as Google Earth allows 

It has different layers, 
including maps of the con: 
imagery from various observatories, including the 
Hubble Space Telescope and the Sioan Digital Sk 
Survey, podcasts that describe what is happening, 
in the night sky right now, views ofthe sky across 
different wavelengths, such as in inftared light; user 
and science guides and the positions and otbits of 
the planets asteroids and comets within our own 
Solar System, 


lations: deep space 


“Google Sky lets you 
wander around 
the universe” 


HEROES - 
@F SPACE 


J.Robert \ | 
Oppenheimer 


His World War II 
efforts may have 
made the headlines, 
but his work in 
physics should not 
be overlooked 


had a part to 


1m physies 
Born and 


“Oppenheimer also took an 
interest in astrophysics, and 
in particular the nature of 
neutron stars" 


FREQUENT VISITS 
TO THE BATHROOM? 


PROMOTES PROSTATE HEALTH 


GET RELIEF FROM 
URINARY PROBLEMS 
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These telescopes have been designed to be controlled wirelessly with your Smartphone or Tablet, using the free SynScan™ App for 10S or 
Androld. The mounts create thelr very own WI-FI network, so the mount can be used anywhere, without any rellance on other Wi-Fi networks. 
After entering your coordinates into the App and following a simple alignmant procedure, you are ready to explore the universe using the App's 
Intuitive touchscreen menu. The SynScan™ App provides full computerised GO-TO control, allowing your telescope to be automatically slewed 
to any one of the objects in the Apps extensive database of 10,000+ celestial objects. The AZ-GTl and Star Discovery mounts incorporate 
Freedom-Find™ dual-encoders, allowing them to be moved manually without lasing thelr alignment or positional information, 


70mm (2.75") F/10 Wi-Fi GO- 
TO REFRACTOR 


‘Tunic 
ante 
Issue 164 
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2019 


| 402mm (4) Fi8.9 FiGo-T0 
REFRACTOR 


14mm 4.5") 4.4 WiFi GO-TO, 


PARABOLIC MEWTONIA 


130mm (5.1") U5 Wi-Fi GO-TO 
PARABOLIC NEWTONIAN 


Loa 127mm 
Y 102 ( MAKSUTOV-CASSEGRAIN 
102mm (4°) {12.7 Wi-Fi GO-TO 
MAKSUTOV-CASSEGRAIN ‘Issue 152 
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cut’ Pas, 2018 
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Snaaear” 
‘ ‘150mm (6") U5 Wi-Ft cee 
GO-TO PARABOLIC 
NEWTONIAN 
Seer 
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‘Available trom dealers throughout the UK 


OPTICAL VisiON LIMITED 


Full product detail at: 


www.opticalvision.co.uk 


info@opticalvision.co.uk 


